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130,  134,  205,  207, •213. 

47 — Giles,  C.  C,  Supt.  Beatrice  Elec.  Co.,  Beatrice,  Neb. — 24,  in,  115, 
120,  121,  122,  126,  t27,  128,  134,  136,  139,  144,  202,  203,  207. 

48 — Gossler,  P.  G.,  Gen.  Supt.  &  Engr.  Montreal  Lt.,  Ht.  &  Pr.  Co.,  Mon- 
treal, Canada — 115,  136,  203. 

49 — Green,  Geo.  Ross,  Philadelphia  Elec.  Co.,  Philadelphia,  Pa. — 172. 

50— Greene,  E.  B.,  Supt.  Edison  Elec.  Ill'g  Co.,  Altoona,  Pa. — 31,  36,  39, 
101,  251. 

51 — Greene.  W.  J.,  Mgr.  Cedar  Rapids  E.  L.  &  P.  Co.,  Cedar  Rapids,  la. — 10. 

52 — Gum,  Guy  C,  Supt.  Delavan  Lt.  &  Fuel  Co..  Delavan,  Wis. — 33,  40, 
41,  51,  104,  122,  130,  132,  133,  137,  202,  203,  205,  207,  231,  234. 

53 — Hampton,  H.  A.,  Ch.  Engr.  Tampa  Elec.  Co.,  Tampa,  Fla. — 10,  11, 
27.  33.  163. 

54 — Hancock,  W.  P.,  Supt.  Gener.  Dept.  The  Edison  Elec.  IH'g  Co., 
Boston,  Mass. — 10. 

55 — Hanson,  Joseph,  St.  Paul  Gas  Lt.  Co.,  St.  Paul,  Minn. — 3,  10. 

56 — Hartman,  H.  T.,  Editor,  Philadelphia — 5,  20,  28,  49,  55,  56,  tii,  121, 
133,  152,  153,  160,  161,  162,  184,  202,  205,  208,  217,  222,  223,  224,  228, 
229,  235,  236,  237,  252. 

57 — Hillman,  H.  W.,  General  Elec.  Co.,  Schenectady,  N.  Y. — 131. 

58 — Hoagland,  H.  C.  Supt.  Kalamazoo  Valley  Elec.  Co.,  Kalamazoo, 
Mich. — 107. 

59 — Holman,  M.  L.,  Gen.  Supt.  Missouri-Edison  Elec.  Co.,  St.  Louis,  Mo. — 
139,  140. 

60 — Holmes,  Welles  E.,  Elec.  Supt.  Newton  &  Watertown  Gas  Lt.  Co., 
Newton,  Mass. — 10. 

61 — Hope,  A.  C,  Propr.  Carterville  Elec.  Plant,  Carterville,  111. — 234. 

62 — Howell,  Wilson  S.,  Sec.  &  Mgr.  Lamp  Testing  Bureau,  14  Jay  street, 
New  York  city — 135. 
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63— Hubbcll,  Fred.  B.,  Supi.  Weslport  Water  &  Elcc.  Lt.  Co.,  Westpori. 
Ct.— 13,  18,  22,  33,  40,  134,  136,  172*  220. 

64 — Humphrey,  C.  W.,  Engr.  Denver  Gas  &  Elec.  Co.,  Denver,  Col. — 4, 
104,  III,  121,  130.  184,  202,  203,  20s,  206. 

65 — Inf^man,  S.  S.,  Mgr.  Georgetown  Elec.  Co.,  Georgetown,  S.  C— 13,  15. 
21,  23.  27,  33,  35,41.  51,  54,  127,  130,  134,  139,  202,  203,  207,  208,  210, 
216,  227.  257. 

66 — International  Harvester  Co..  Chicago,  III. — 174,  175,  176,  180. 

67— Jones,  A.  M.,  Supt.  Sisiersville  E.  L.  &  P.  Co.,  Sistersville,  W.  Va.— 

34.  179. 

68— Junkersfeld,  P.,  Chicago  Edison  Co..  Chicago,  III. — 27,  28,  29,  30,  102, 
iio.  III,  123. 

69 — Kellv,  John  F.,  Ph.  D  ,  149  Broadway,  New  Yprk  city— 107,  109.  158, 
i63»  254. 

70— Kent,  Wm.,  Syracuse  University,  Syracuse.  N.  Y. — 37. 

71 — Kimball,  Fred.  M.,  General  Elec.  Co.,  Boston,  Mass. — 206. 

72 — La  Crosse  Gas  &  Elec.  Co.,  La  Crosse,  Wis. —123,  126.  127.  128,  134. 
136,  137.  205,  207,  208,  212. 

73— Lauder,  George  B.,  Supt.  Concord  Elec.  Co.,  Concord.  N.  H. — 1,  12. 
25,  30,  104,  105.  no,  122,  127,  130,  132,  136,  141,  205,  207,  208.  209.  2ro, 
251.  253. 

74— Larrabee,  E.  E.,  Supt.  Bennington  Water  Pr.  &  Lt.  Co.— 202,  203.  205, 
207,  209. 

75— Ledford,  N.  H.,  Propr.  Bowling  Green  Elec.  Plant,  Bowling  Green, 
Mo. —10,  II,  17. 

76— Le  Fevre,  G.  A.,  82b  Amsterdam  avenue.  New  York  city — 142. 

77 — Leiand,  G.  B.,  Supt.  Norwich  Gas  &  Elec.  Co.,  Norwich,  Ct. — 8.  9,  id, 
so,  54,  56.  104,  120,  146. 

78 — Long  well,  Henry  E.,  Westing  house  Machine  Co.,  Pittsburg.  Pa. — 19.  20. 

79 — Lunn,  Ernest.  Chicago  Edison  Co.,  Chicago,  111. — 32,  104. 

So — Lyndon,  Lamar,  Park  Row  Building,  New  York  city — 32. 

81 — Manwaring.  A.  H.,  Brush  Electric  Co.,  Tenth  and  Sansom  streets, 
Philadelphia,  Pa.  — 105. 

S2 — Marks,  Louis  B,,  6S7  Broadway,  New  York  city — 61,  131,  133. 

83 — Mather,  E.  H.,  Mgr.  Portland  Ltg.  &  Pr.  Co.,  Portland,  Me. — 104,  130, 
146,  150,  151,  235. 

84— Maver,  Wm.,  Jr.,  Consulting  Engineer,  120  Liberty  street.  New  York 
city — 108,  113. 

S5— Moody,  Waller  S..  General  Elcc.  Co  .  Schenectady,  N.  Y.— iid,  121,  14 r. 

86— Mowbray,  W.  J..  E.  E.  Edison  Elec.  lU'g  Co.  of  Brooklyn— 171. 
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87— Mulligan,  Walter  L.,  Mgr.  United  Elec.  Lt.  Co.,  Springfield,  Mass.— 
107,  114,  126,  127,  129,  134,  135,  138,  206,  210. 

New  York  Edison  Co.,  New  York  city. 

88— A.  H.  A. — 126,  127,  128,  129,  130. 

89 — A.  W. — 134,  138,  202,  205.  206,  207,  208,  209,  212,  213,  214. 

90 — C.  S.  S. — 210,  211. 

91 — G.  A.  O. — 14. 

92 — H.  M.  E.— 125,  201,  215,  2r6. 

93 — H.  S. — 101,  112,  113. 

93a— J.  B.  N.— 108. 

94— J.  D.  A.— 3,  4,  5,  6.  7,  8,  13,  15. 

95— J.  P.  S.— 16,  17.  18,  38,  39. 

96 — J.  W.  L.,  Jr. — 203. 

97— -P.  T.— 25,  28,  30,  102.  103,  107,  no,  III,  121.  123,  124. 

98— S.  G.  R.— 104,  132,  133. 

99— T.  W.  V.--31.  135,  136,  137. 
100 — W.  E.  McC. — 117,  142. 
loi— W.  F.  W.— 27,  29. 
102— W.  I.  D.— 32.  33.  34,  35,  40,  145. 
103— W.  T.  M. — 105,  106,  109,  122,  139,  140. 

104 — Niesz,  Homer  E.,  .\ssi.  to  2d  V.-P.  Chicago  Edison  Co.,  Chicago,  III. — 
112,  118,  125,  155. 

105 — Peoria  Gas  &  Elec.  Co.,  Peoria,  III. — 6,  17,  24,  29,  118,  139,  145,  204. 

106— Perkins,   J.    H.,    Gen.    Supi.    Youngstown    Cons.    Gas    &    Elec.    Co., 
Youngstown,  O. — 29. 

107 — Perry  Elec.  Lt.,  Ht.  &  P.  Co..  Newport,  Pa. — 11,  21. 

108 — Peters,  Chas.  H.,  Supt.  Durango  Lt.  &  P.  Co.,  Durango,  Col.-  21,  22, 
33,  36,  104,  118,  127,  130. 

109  — Peterson,     Edw.,    Treas.    Crookston    Water    Works    Co.,   Crookston, 
Minn. —  i,  143. 

no — Phillips,  E.  F.,  Mgr.  Peninsular  Elec.  Lt.  Co.,  Detroit,  Mich. — 173,  174, 
176,  177,  178.  179,  180,  i8f. 

Ill — Poole,  C.  O.,  Box  83,  Denver,  Col. — 29,  103,  107,  109. 

112 — Pyle,  Jas.  E.,  Supt.  Edison  Elec.  IH'g  Co.,  West  Chester,  Pa. — 3,  6,  7, 
10,  II,  i6.  21,  22,  23,  33,  36,  154,  158,  172. 

113 — Richardson,  T.,  Engr.   Elec.  Dept.  Denver  Gas  &  Elec.  Co.,  Denver, 
Col. — 137. 

114 — Russell,  H.  S.,  Statistical  Dept.  Denver  Gas  &  Elec.  Co.,  Denver,  Col. — 
2,  41,  204. 

115— Rice,  C.  W.,  44  Broad  street.  New  York  city — 174,  175,  176,  177,  178, 
179,  180,  181. 

116— Ryan,  H.  J.,  Prof.  Elec'l  Engr'g  Cornell  University,  Ithaca,  N.  Y. — 158. 

117 — Ryan,  W.  D'A.,  General  Elec.  Co.,  Lynn,  Mass. — 233 
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ii8 — Schiess,  John  G.,  Pres.  Armitage  Clo.  Co. — 174. 

119 — Scolt,  H.  H.,  San  Antonio  Gas  &  Elec.  Co.,  San  Antonio,  Tex. — 126, 
127,  128. 

120— Sharpe,  Fred.  B.,  Elecn.  Liberty  Lt.  &  P.  Co.,  Liberty,  N.  Y. — 3,  21, 
22,  23,  202,  203,  207,  209. 

121 — Shepardson,  Geo.  B.,  University  of  Minnesota,  Minneapolis,  Minn. — 
56,  103,  109,  133. 

122 — The  Sherbrooke  Pr.,  Lt.  &  Ht.  Co.,  Sherbrookc,  Quebec — 21,  28,  loi, 
104,  202.  203,  205,  212,  225,  232. 

123 — Showalter,  Jos.,  Lafayette,  Ind. — 172. 

124 — Sites,  W.  M.,  Gas  Dept.  Denver  Gas  &  Elec.  Co.,  Denver,  Col. — 5 

125— Skid  more,  O.  H.,  Supt.  Amer.  Falls  Pr.,  Lt.  &  Wtr.  Co.,  Pocatello. 
Ida. — 104,  106,  no,  118. 

126 — Smith,  F.  Ellwood,  Treas.  &  Mgr.  Somerville  Elec.  Lt.  Co.,  Somerville, 
Mass.— 10,  27,  34,  36,40,  105,  115,  126,  127,  130,  157,  201,  202,  205,  212, 
220. 

127 — Snyder,  C.  F.,  Supt.  Pr.,  Lt.  &  Htg.  Dept.  Bloomington  &  Normal  Ry., 
El.  &  Htg.  Co.,  Bloomington,  III. — 10. 

128— Southampton  Elec.  Lt.  Co.,  The,  Southampton,  N.  Y. — 22,  33,  41,  113, 
114,  221. 

129 — Sprague,  H.  A.,  Sec.  &  Treas.  Shiawassee  Li.  &  Pr.  Co.,  Corunna, 
Mich. — 132. 

130 — Stoti,  H.  G.,  Supt.  Motive  Pr.  Interborough  Rapid  Trans.  Co.,  New 
York  city— 8,  28,  29,  34,  46,  47,  48,  50,  58,  65,  102,  108,  166,  167,  168,  170. 

131 — Sullivan,  C.  J.,  Supt.  Wayne  County  Elec.  Co.,  Lyons,  N.  Y. — 59. 

132 — Thompson,  G.  L.,  General  Elec.  Co.,  Schenectady,  N.  Y. — 118. 

133 — Trott,  W.  J.,  Mgr.  W.  E.  Donley  Elec.  Lt.  &  P.  Co.,  Big  Rapids,  Mich. 
— I,  21,  127,  202. 

134— Union  Elec.  Lt.  &  Pr.  Co.,  The,  Unionville.  Ct.— 175,  176,  177,  178. 
179,  180,  181. 

135 — Utah  Lt.  &  Pr.  Co.,  Salt  Lake  City,  Utah — 10. 

136 — Van  der  Voort,  F.,  United  Elec.  Co.  of  New  Jersey,  Morristown,  N.  J. 
—102.  114,  118,  126,  127,  128,  130,  139,  140.  142,  157.  159,  161,  162. 

137 — Vredenburgh,  La  Rue,  Supt.  Exhib.  Dept.  The  Edison  Elec.  lU'g  Co. 
of  Boston,  Boston,  Mass. — 213. 

138— Wagner,  Edward  A.,  Fort  Wayne  Elec.  Co.,  Fort  Wayne,  Ind.  — 158. 

,3^_Wallis,  L.  R..  Treas.  &  Mgr.  Woburn  Lt.,  Ht.  &  Pr.  Co..  Woburn. 
Mass. — 10. 

140 — Walsh,  E.  T.,  Ch.  Elecn.  Interborough  Rapid  Transit  Co.,  13  Park 
Row,  New  York  city— 7,  34. 
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141— Watson,  L.  E.,  Northwestern  Elec.  Ht.  &  Pr.  Co.,  Kearney,  Neb.— 104. 
142 — Way,  S.  B.,  Union  Elec.  Lt.  &  Pr.  Co.,  St.  Louis,  Mo. — 103. 

143 — Weber,  H.  R.,  Engr'g  Depl.  Denver  Gas  &  Elec.  Co.,  Denver,  Col. — 

!»  7»  49- 
144— Weis,  Aug.,  Supt.  Johnstown  Li.,  Ht.  &  Pr.  Co.,  Johnstown,  Pa. — 59. 

145— Welles,  C.  P.,  Mgr.  Towanda  Elec.  Ill'g  Co.,  Towanda,  Pa.— 38,  130, 
145,  202,  203. 

i46^Willcox,  Francis  W.,  General  Electric  Lamp  Works,  Harrison,  N.  J. — 
I34»  135.  136,  i37t  2C5. 

147 — Williamson,  F.  L.  &  Co.,  Clay  Center,  Kan.— 123,  130,  134,  149,  202, 
207,  220,  237. 

148— Wolcott,  Townsend,  39  Whitehall  street.  New  York  city — 18. 

149 — Woodhouse,  A.  L.,  Gen.  Supt.  The  Telluride  Pr.  Trans.  Co.,  Provo, 
Utah — 107,  109. 

150 — Youngstown  Consol.  Gas  &  Elec.  Co.,  Youngstown,0. — 36,  63, 104, 126, 
127,  136,  139,  140,  157,  160,  203. 

151 — Anonymous  -  57. 

152— Unsigned— 30,  37,  55,  loi,  102,  no,  127,  136. 
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The  numbers  following  the  questions  indicate  the  contributors  who  have 
answered  these  questions.  By  referring  to  the  preceding  index,  the  names 
corresponding  to  these  numbers  will  be  found. 

Question 

I — Have  any  users  of  water-power  found  a  remedy  for  slush  or  anchor 
ice  in  their  screens  and  wheels? — 6,  24,  73,  log,  133,  143. 

2 — Is  there  any  commercially  practical  method  of  removing  or  neutral- 
izing sulphur  in  coal  when  the  percentage  is  so  great  as  to  cause  rapid 
deterioration  of  stack  and  breeching  ? — 5,  114. 

3 — Under  what  conditions  has  it  been  found,  in  actual  experience,  to  pay 
to  mix  anthracite  and  soft  coal? — 9,  44,  55,  94,  ii2,  120. 

4 — Is  there  any  simple  method  of  determining  the  relative  advantages  of 
different  kinds  of  coal,  without  resorting  to  a  long  test  under  the 
boilers,  under  working  conditions? — i,  5,  64,  94. 

5 — At  what  price  per  1000  feet  will  it  pay  to  use  natural  gas,  as  against 
bituminous  coal  of  fair  steaming  qualities  at  $1.50  per  short  ton? — 5, 
10,  32,  37,  56,  94.  124. 

6 — How  much  coal  should  a  fireman  be  expected  to  handle  in  12  hours? — 
I.  35,  94,  105,  112. 

7 — Are  automatic  stokers  more  economical  than  hand  stoking  in  plants 
of  less  than  250-hp  capacity? — i,  94,  112,  140,  143. 

8 — What  has  been  the  experience  as  to  comparative  cost  of  labor  in  charg- 
ing coal  under  boilers  by  hand  or  with  stokers  ;  also,  what  comparative 
results  have  been  obtained  as  regards  efficiency  ?  What  is  the  compara- 
tive cost  of  repairs  on  a  plant  of  about  1200-hp  capacity? — i,  15,  35, 
77,  94,  130. 

9 — What  is  a  simple  and  cheap  arrangement  for  getting  ashes  out  from 
under  boilers  ;  also  for  loading  same  on  cars  or  carts  from  a  station  of 
about  1200  horse-power?— 5,  35. 

10 — What  is  the  best  kind  of  gasket  for  use  on  handholes  and  manholes  of 
a  boiler?— I,  15,  27,  38,  42,  51,  53,  54,  55,  60,  75,  112,  126,  127.  135.  139. 

II — What  is  the  best  method  of  protecting  and  preserving  the  iron  arch  and 
dead-plate  castings  used  In  boilers?— 15,  20,  27,  35,  53,  75,  107,  112. 

1 12— Under  what  conditions  and  to  what  extent  are  rocking  grates  prefer- 
able to  plain  grates  for  boilers  ?— 27,  35,  73. 

13— What  is  the  best  method  for  removing  hard  scale  from  a  return  tubular 
boiler?— 15,  27,  35.63,  65,  94. 
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14 — What  are  the  advantages  and  disadvantages  of  Superheating  steam  ? 
What  is  the  necessary  equipment  per  horse-power,  and  can  it  be  readily 
applied  to  existing  boilers?— 5,  15,  33,  35,  91. 

15 — Are  automatic  feed-water  controllers  for  boilers  satisfactory  in  opera- 
tion ?    Is  it  advisable  to  use  them  in  small  stations?  -5,  35,  65,  94. 

16 — How  long  should  a  three-sixteenths-inch  unlined  iron  stack  last  under 
normal  conditions  of  operation? — 15,  21,  95,  112. 

17 — What  is  the  best  paint  for  stacks  and  breeching,  and  what  is  the  best 
method  of  applying  it?— 3,  15,  20,  35,  75,  95,  105. 

18 — Is  there  any  satisfactory  appliance  for  reseating  small  valves  without 
removing  them  from  the  line?— 5,  41,  63,  77,  95,  148. 

19 — What  progress  has  been  made  in  the  development  of  the  steam  turbine 
as  applied  to  the  operation  of  dynamos? — 35,  78. 

20 — What  is  the  steam  consumption  in  pounds  per  hp-hour  in  steam-driven 
turbines  operating  against  a  back  pressure  of  from  live  to  seven  pounds  ; 
initial  pressure  at  the  throttle,  150  pounds  to  175  pounds? — 5,  56,  78. 

21 — What  is  the  best  dressing  for  leather  belts,  and  what  is  the  proper 
method  of  applying  it? — 65,  107,  108,  112,  120,  122,  133. 

22 — How  should  belts  be  cleaned,  and  what  will  prevent  them  from  slipping? 
— 63,  108,  112,  120.  128. 

23 — What  is  the  best  method  of  making  temporary  repairs  to  belts  of  16 
inches  or  less,  when  time  is  an  object? — 65,  112,  120. 

24 — Is  it  good  practice  to  use  the  water  of  condensation  from  a  surface  con- 
denser for  boiler  feed  ?  What  precautions  must  be  taken  to  separate 
the  oil  from  the  water  and  to  prevent  the  water  from  corroding  the 
boiler?    5,  15,  27,47,  105. 

25 — Have  compound  dynamos  any  advantage  over  shunt  machines  when 
run  by  water-power  without  g<*rernor?— 5,  35,  73,  97. 


26 — What  is  being  done  with  regard  to  the  operation  of  alternators  in 
parallel  direct-connected  to  gas  engines  for  central-station  work?  Are 
there  at  the  present  time  any  successful  foreign  or  American  plants  of 
this  description  in  operation  ?  If  so,  have  any  of  the  members  informa- 
tion, which  they  are  willing  to  impart,  as  to  their  success  or  failure? — 
15.  30. 

27 — Are  not  the  advantages  of  the  parallel  operation  of  alternators  in  a 
small  station  more  than  offset  by  the  increased  care  and  attention 
required  ? -12,  3s,  53,65,  68,  loi,  126. 

28  -  Is  there  any  economy  in  motor-driving  arc  machines  ? — 4,  35,  56,  68,  97, 

122,  130. 

29  -What  can  be  done  to  make  high-tension  switchboards  more  accessible 

for  cleaning,  repairs,  and  general  maintenance,  while  in  constant  opera- 
tion ?— 5,  35,  68,  loi,  105,  106,  III,  130. 
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30— What  success  has  been  met  with  in  the  use  of  voltage  regulators, 
especially  on  circuits  for  power  as  well  as  lights?  Is  there  one  that 
can  be  relied  upon  to  take  care  of  speed  variations  of  five  per  cent  ?    68« 

73.  97,  152. 

31 — Of  what  should  the  testing  outfit  consist  in  a  small  central  station  sup- 
plying direct  current  for  arcs  and  alternating  current  for  incandescents  ? 
What  would  be  the  cost  ? — 35,  38,  50,  99. 

32— What  is  the  opinion  of  the  association  regarding  storage  batteries  after 
they  have  been  in  operation  three  or  four  years,  under  conditions  of 
moderate  use,  as  compared  with  the  eflSciency  when  first  installed? — 5. 
36,  79,  80,  102. 

33 — What  are  the  causes  of  hot  bearings,  and  what  are  the  best  cures  for 
same?— 35,  52.  53,  63,  65,  102,  108,  112,  128. 

34 — What  is  the  best  method  of  filtering  engine  oil  ? — 26,  35,  39,  41,  67,  iu2, 
126,  130,  140. 

35— What  kind  of  oil  has  been  found  most  suitable  for  high-speed  dynamos 
with  brass  bearings? — 65,  102. 

36— Will  some  one  describe  a  good,  cheap  blower  set  for  cleaning  dynamos, 
and  give  approximate  cost  ? — 35,  50,  108,  112,  126,  150. 

37 — How  do  you  compute  the  size  of  pipe  required  for  exhaust-steam 
heating  at,  say,  five  pounds  back  pressure?  Please  give  quantitative 
examples. —  70,  152. 

38— What  is  the  best  pressure-reducing  valve  for  use  in  connection  with 
heating  system  where  it  is  occasionally  desirable  to  use  live  steam? — 

35,  95,  145. 

39 — Will  some  one  give  details  of  a  machine  shop  suitable  for  a  station  of 
looo-hp  to  1500-hp  capacity  ;  stating  what  tools  and  what  machine 
tools  should  be  included,  and  what  the  cost  would  be? — 50,  95. 

40 — What  is  the  comparative  value  of  towels  and  waste  for  cleaning  pur- 
poses? How  often  can  towels  be  cleaned  and  used  again?— 26,  35,  52, 
63,  102,  126. 

41 — What  is  the  best  way  in  which  to  lay  up  fire-brick  lining  in  boiler 
walls  so  that  it  will  stay  ?— 15,  20,  35,  52,  65,  114,  128. 

42— Would  there  be  any  economy  in  using  an  internally-fired  boiler  instead 
of  an  ordinary  flue  boiler  where  the  load  varies  widely  but  is  always 
under  the  capacity  oi  the  boiler?  Feed-water  is  bad  and  price  of  coal 
high.— 35. 

43 — What  is  the  best  method  of  preventing  smoke,  using  an  ordinary  hand- 
fired  furnace  and  horizontal  multitubular  boiler?     15,  41. 

44— How  many  members  of  the  association  have  been  prosecuted  on 
account  of  smoke  from  power-house  stack? 

45 — How  many  Y\iivc  succeeded  in  reducing  smoke  so  thai  it  is  not  objec- 
tionable, and  by  what  means? — 15,  20,  35. 
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46 — What  kind  of  stokers  or  furnaces  have  been  successfully  used  iir 
reducing  smoke? — 130. 

i7 — What  are  the  practical  difficulties,  if  any,  In  using  highly  superheated 
steam  as  compared  with  commercially  dry  steam  ? — 130. 

48 — What  is  the  steam  consumption  of  steam  turbines  of  large  capacity 
using  superheated  steam  and  running  condensing,  as  compared  with 
compound-condensing  steam  engines  under  the  same  conditions  ? — 130. 

49--Under  what  conditions  has  it  been  found  advisable  to  use  auxiliary 
mechanical  draft  at  the  time  of  peak? — 35,  56.  143. 

50— Which  would  be  the  more  economical  to  use  in  a  plant  where  the  load 
*  averages  150  horse-power  for  four  hours,  and  40  to  50  horse-power  for 
eight  hours;  a  simple  Corliss   engine  or  a  tandem  compound,  high- 
speed, non-condensing  engine?    Coal  costs  $5. 50  per  ton  and  boiler 
pressure  is  140  pounds  — 15,  26,  77,  130. 

51 — What  is  the  most  economical  type  of  engine  for  an  electric-light  station 
using  less  than  200  horse-power,  engine  to  operate  during  the  dark 
hours  only,  running  non-condensing,  and  driving  both  arc  and  incan- 
descent machines  by  means  of  a  belt?  Price  of  Illinois  soft  coal  is 
$1.80  per  short  ton  ;  water  is  obtained  from  well.— 18,  26,  52,  6$. 

52— Is  it  likely  that  the  gas  engine  with  producer  gas  plant  will  become 
more  economical  from  all  standpoints  for  central-station  use  than  the 
steam  engine  is  now  or  is  likely  to  be  within  five  years  to  come  ? — 30. 

53 — Is  there  a  crude  petroleum  or  kerosene  engine  of  100  to  150  horse-power 
that  can  be  used  as  an  auxiliary  in  a  small  water-power  plant  without 
requiring  the  services  of  an  expert  engineer  to  run  it?  What  would  be 
the  consumption  of  fuel  per  hp-hour? 

54 — For  a  town  of  3000  population  and  moderate  growth,  having  about 
1700  incandescent  lamps  now  installed  and  city  contract  for  twenty 
1200-cp  arcs — considering  first  cost  and  operating  expenses — what  is 
the  most  economical  and  serviceable  equipment  for  light  and  motor 
service? — 26,  35,  65.  77. 

55 — What  would  be  a  good  showing  as  to  cost  per  kw-hour  on  a  total  output 
of  550  kw-hours  ai  switchboard  ;  plant  running  non-condensing  from 
dusk  to  dawn,  and  using  two  tandem  compound  engines,  belted  to 
75-kw  and  45-kw  alternators,  respectively  ;  coal,  one  part  bituminous 
and  three  parts  anthracite  and  costing  $3.00  per  ton? — 35,  56,  152. 

56 — Is  it  practical  to  operate  in  multiple  two  direct-current,  compound- 
wound  dynamos  of  different  makes  and  50  percent  difference  in  size? — 
18,  56,  77,  121. 

57 — With  three  generators  running  in  parallel  at  full  load,  one  phase  of 
one  of  the  generators  short-circuits  and  goes  out  of  business  Which 
would  be  the  better  practice :  to  hold  on  to  everything  and  lower 
voltage  to  the  remaining  machines  until  after  the  peak  is  passed,  or  to 
cut  off  part  of  the  system  and  keep  remainder  up  to  full  candle-power  ? — 
18,  26,  35,  151. 
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58 — With  two  generators  running  in  parallel,  excited  by  separate  units,  one 
exciter  unit  breaks  down  unknown  to  dynamo  tender.  What  happens 
to  the  generator  with  the  broken-down  exciter?  What  method  is  there 
of  protecting  a  generator  under  such  circumstances  ? — 26,  35,  130. 

59 — What  has  been  the  experience  with  automatic  regulators  whose  opera- 
tion tends  to  regulate  machine  voltage? — 131,  144. 

60 — What  advantages  are  obtained  from  the  use  of  step-up.  three-phase 
transformers  with  Y-connected  secondaries  and  grounded  neutral,  over 
the  delta-connected  transformers ;  the  secondaries  of  transformers 
working  in  multiple  with  generators  developing  the  same  pressure  as 
the  secondary  of  transformers,  the  neutral  point  of  the  generators  bteing 
grounded? — 35. 

f)i — Are  manufacturers  making  any  efforts  to  produce  rectifiers  to  enable 
direct-current  inclosed-arc  lamps  to  be  operated  from  alternating- 
current  machines? — 35,  82. 

^)2 — What  is  the  best  and  easiest  method  of  removing  sediment  from  storage- 
battery  jars? — 18,  35,  36. 

63 — Have  any  members  had  trouble  through  the  breaking  of  glass  battery 
jars  at  the  time  of,  or  soon  after,  removing  the  sediment  from  such  jars 
when  a  wooden  scoop  is  used  ?  Is  there  any  way  to  prevent  such  an 
occurrence  ?— 36,  150. 

64 — What  methods  have  been  used  to  provide  fairly  uniform  temperature 
and  proper  ventilation  for  storage  battery  of  given  capacity,  and  how 
often  is  there  a  complete  change  of  air?— 36. 

65— What  is  the  best  method  of  enabling  an  operating  superintendent  in  a 
large  system  to  keep  track  of  the  changes  in  load  and  conditions  in  a 
large  number  of  stations,  transmission  lines  and  substations  ? — 130. 

loi — What  is  the  best  and  simplest  method  of  erecting  large  poles? — 29,  35 
50,  93,  122,  152. 

102 — Is  a  single-phase,  two-phase  or  three-phase  distribution  best  adapted  for 
lighting  in  cities  of  from  15,000  to  50,000  population  ?— 5,  35.  68,  97,  130, 
130,  152. 

103 — Has  ihe  220-440-voli.  three-wire  system  proved  successful  and  satis- 
factory in  operation?  Please  state  troubles  experienced  as  well  as 
benefits  derived.  —  5.  97,  iii,  121,  142. 

104 — How  may  the  swinging  lead  wires  from  cross-arms  to  arc  lamps  be  pre- 
vented from  breaking?— 45,  52,  64,  73.  77,  79,  83,  98,  108,  122,  125,  141, 
I  so- 
los— What  is  the  best  method  of  protecting  wires,  carrying  current  of  1000 
volts  and  upward,  from  grounds  on  trees  through  which  they  must 
pass?-5,  12,  35,  73,  81,  103.  126. 

!()(> — What  is  the  best  protection  for  telephone  lines  strung  on  poles  carrying 
high-tension  circuits,  or  on  separate  poles  at  such  distance  from  high- 
tension  poles  that  there  is  a  possibility  of  high-tension  wires  falling  or 
being  blown  upon  the  telephone  wires? — 5,  35.  103,  125. 


I07 — What  ia  tbe  best  method  of  proiecting  transformer!,  etc.,  from  lightning 
and  other  siatic  strains  on  long-distance  transmission  lines > — 30,  35, 
j8,  69.  B7,  97.  "«.  '49- 


ihe  latest  practice  for  prevention  ol 
mduits?— s.  ",  35.  84.  93a.  t 
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lo.ooo-voll  line — i;-milc  line  over  mountain  country— our  banks o( 
s  keep  continuously  hissing  when  line^  arc  hot.  They  did  not 
hiss  last  year,  but  do  now.  Why  ?  Arresters  also  will  hiss  when  not 
attached  to  Rround  wire  Why?  We  also  note  thai  building  up 
arresters  from  four  to  five  blocks  makes  no  difference.  Why? — 8,  69. 
103.  til.  lai,  149. 

—  In  an  alternating -current  station  equipped  wiih  three-phase  generators. 
U  it  not  better  10  run  all  lighting  load  on  one  phase  and  adjust  voltage 
of  this  phase  to  suit  the  lighting  circuits,  paying  no  attention  to  eiltier 
of  the  other  phase  voltages  and  using  the  three  phases  for  power  work 
only,  buying  machines  designed  to  handle  tbe  load  in  this  way,  rather 
than  10  attempt  to  balance  lighting  load  on  all  three  phases  and  adjust 
the  three-phase  voltages  to  suit  load  ?  -5.  17.  3;.  68,  73,  97,  125.  i;!, 

— Jn  a  plant  of  3000  lights'  capacity,  single-phase,  6o-cycle.  primary  1040, 
secondary  104,  seven  and  one-half  miles  pole  line,  ajo  consumers,— 
what  in  good  practice  would  be  the  loss,  from  the  station  switchboard 
to  the  consumer's  meter?  Plant  (tirnishes  current  (or  lights  only  ;  run 
from  dusk  to  dawn. — 5,  35,  38,  47,  56,  64,  68,  97 

—What  is  the  best  method  of  locating  grounds  on  an  Edison  three-wire 
underground  network  system  ?— 5,  93,  104, 

—What  would  be  the  best  and  cheapest  method  of  underground  wiring 
for  a  small  town?— 5,  21,  35.  S4.  93,  laS. 

-What  has  been  the  experienre  in  operating  an  alternating-current  sys- 
tem of  from  1000  to  zooo  volts  in  conduit  that  is  more  or  less  tilled  with 
water?— 35.  87.  198.  136. 

—What  remedy  should  be  applied  to  overcome  the  humming  of  tele- 
phones,  caused  by  series  allernaling  arc-light  circuits  ?— 31,  47,  43,  ia6. 
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ng-current  system:  particularly  with  regard    to 
in  boxes,  location  of  transformers  in  manholes. 
ondary  distribution?— aa,  35.  • 

onlrol  IjF  installed  on  a  number  of  alternating 
where  transformers  are  banked  and  network 
.cutting  out  the  surplus  transformer  for  day 
[em  to  show  saving  over  core  loss  ?— 5,  35,  too. 
secondaries  at  the  trar.sformer  or  in  the  build- 
ings supplied?— s,  35.  85.  104-  105.  loB,  125.  131.  13^- 
Whai  is  the  weight  per  kilowatt  capacity  and  the  cost  per  kilowatt 
capacity  of  the  Cooper  Hewitt  siatic  converter  ? 


-What  has  been   the 
underground  alterna 

and  detail  methods  of  s 

—Can  a  system  of  remoti 

current  lighting  circuii 

distributing  system  us( 

—Is  it  advisable  to  groun 
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I20 — What  is  the  best  transformer  fuse  box  for  2000-voU  alternating-current, 
and  why  ?— 23,  47,  77. 

121 — What  is  the  advantage  to  an  alternating-current  station  in  carrying  a 
secondary  voltage  much  in  excess  of  100,  unless  it  has  an  extensive 
system  of  secondary  mains?— 35,  47,  56,  64,  85,  97. 

122 — What  is  the  consensus  of  opinion  regarding  tying  in  secondary  wires 
from  different  makes  of  transformers?  Have  central-station  managers 
adopted  the  practice  generally,  and  with  what  results  ?— 5,  35,  47,  52, 
73,  103. 

123 — How  far  from  a  central  station  would  it  be  practical  to  extend  the 
Edison  direct-current  system,  using  the  regular  low  voltage— no  or 
220  volts — and  where  would  it  be  desirable  to  install  the  alternatins^ 
system  ?— 5,  22,  35,  68,  72,  97,  147. 

124 — Which  would  be  the  more  economical :  to  distribute  on  the  alternating- 
current  system,  or  to  install  a  substation  with  rotary  transformers? — 
5,  22.  35,  97. 

125 — Would  there  be  any  difference  in  the  liability  insurance  rates  as  between 
the  high  and  low-tension  systems?— 5,  92,  104. 

126 — How  often  should  meters  be  tested? — 5,  11,  19,  35,  3S.  47.  72,  87,  88, 
119,  126,  136,  150. 

127— Should  meters  be  tested  in  place,  or  should  they  be  returned  to  the 
station  for  the  purpose?— 5,  11,  19,  35,  38,  47,65,  72,73,  87,  88,  108,  119 
126,  133,  136,  150,  152. 

128 — What  degree  of  accuracy  in  a  meter  under  test  at  five  per  cent  of  its 
rated  load  should  he  allowed  to  pass  without  further  adjustment? — 5, 
n,  19.  35,  47,  72.  88,  119,  136. 

129 — What  eflforts,  if  any,  have  been  made  to  introduce  any  form  of  prepay- 
ment meter?— 5,  35,  46,  87,  88. 

130 — Is  it  good  practice  for  central  stations  to  furnish  wattmeters  free  in 
small  towns?— II,  46,  52,  64,  65,  73,  83,  88,  108.  126,  136,  145,  147. 

131 — What  proportion  of  plants  in  the  different  states  has  adopted  the 
inclosed-arc  lamp  for  street  service? — 5,  35,  57,  82. 

132  — Is  it  best  practice  to  omit  outer  globes  ot  inclosed-arc  lamps  for  siieet 
lighting,  provided  the  inner  globe  is  protected  from  the  weather  by  a 
metallic  shade,  the  same  as  usual  when  outer  globe  is  used? — 5,  35,  38, 
52,  73.  98.  129. 

133— Is  there  any  known  remedy  for  the  humming  of  multiple  alternating 
arc  lamps?— 5.  35,  52,  56.  82,  98.  121. 

134 — Is  it  desirable,  from  the  electric-light  company's  standpoint,  to  advise 
the  use  of  the  so-called  "turn-down  "  lamps  by  consumers?  Will  the 
advantage  of  advertising  to  the  general  public  offset  the  corresponding 
loss  of  current  due  to  the  fact  that  the  majority  of  meters  in  use  will 
not  register  on  the  small  filament  on  turn-down  lamps? — 5,  12,  35,  46, 
47,  63,  65,  72.  87,  89,  146,  147. 
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136 — What  is  the  best  incandea<eni  lamp  baie  10  adopt,  and  why  ? — 5.35.  38, 
47-  Af'.P3-  72.  73.  99.  I4l>.  "SO.  "J!. 

■  37—11  the  latest  rype  of  Edison  lamp  there  is  no  place  suitable  forstunptng 
ihF  dale  of  delivery  to  cusloraers  when  free  renewals  are  furnished. 
Would  il  not  bs  advisable  for  the  manufaclurers  10  have  blank  labels 
pasted  on  fur  this  purpose  ?— 35.  38.  a.  7a.  991  "3.  '+6- 

:38 — What  has  been  the  experience  in  electric  heating  in  a  small  way  ? — 5, 
87.  8g. 

I3CJ — What  has  been  the  experience  in  operating  siniile-phaae  motors  on 
lighting  circuits?— 35.  4S,  4;,  59.  65,  103,  105,  136,  150. 

141J— To  what  sizes  is  the  operation  of  single-phase  motors  on  lighting  cir- 
cuits practically  limited?— 35,  45.  jg,  103,  136.  IJo. 

I4t — What  is  the  best  method  to  pursue  where  the  starting  current  of  an 
induction  motor  is  so  lar  in  excess  of  the  running  current  that  a  (use 
which  will  hold  the  starting  current  will  not  protect  the  motor  ? — 5,  14, 
35.  73.  85. 

143 — What  is  the  best  method  of  operating  electric  elevators  on  an  alternating- 
current  syslem  :  one,  two.  or  three-phase?— 5,  35,  76,  100,  136. 

143— What  has  been  the  experience  of  small  lighting  plants  that  are  furnish- 
ing current  (or  electrically-driven  pumps  in  city  water-works?  Has 
il  been  found  to  be  profitable? — 10,  tog. 

144 — Would  it  pay  to  operate  a  single-phase,  J-hp  motor  for  pumping,  to 
replace  a  steam  pump  that  is  run  for  an  independent  boiler  requiring  a 
man  in  attendance '  Company  that  owns  pump,  owns  lighting  plant.— 
3=.  47- 

145 — What  is  the  best  method  of  preventing  or  mitigating  the  bad  odor  from 
exhaust  steam  used  for  healing  purposes  ?—i<w,  105,  14$. 

146 — Which  is  the  better  system  10  use  for  street  lighting  In  small  towns  of 
i;oo  to  3SOO  population  :  the  multiple  alternating  arc  or  the  series 
alternaling  arc,  and  why  ?— s6.  35.  43,  77.  S3. 

[47— What  would  be  the  best  system  lor  a  central  station  to  adopt  for  reach- 
ing a  [own  live  miles  away  from  station,  with  a  load  of  about  30  kilo- 
watts on  primary  for  lighting  purposes  ?  The  station  is  equipped  with 
two-phase,  bo-cycle,  23oo-vol<  alternators.  Should  a  line  be  run  from 
station  at  generator  voltage,  or  should  step-up  transformers  be  used  ? — 
26.  35.  43.  45. 

148 — In   power-transmission   plants   operating   on    three-phase  alternating- 
load  being  2$  per  cent  of  the  niaKimum  power  load,  which  is  the  belter 
system— aao  or  440  volts  ?-3S. 
141) — lias  the  tlo  and  aio-voll,  three-wire  system,  with  cooalant-polential 
street  arc  lamp  current  returning  on  the  same  nentral  wire  a*  the  com- 
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oiercial  light  current,  proved  satisfactory  ?    If  not,  what  is  the  trouble 
experienced? — 35.  147. 

»50— Sboold  bigb-voluge  wires  be  strung  over  or  under  other  wires,  and 
bow  much  clearance  should  be  allowed  ?*-35,  83. 

151 — To  prevent  danger  to  linemen  and  troubles  from  induction,  what  should 
be  the  minimum  vertical  distance  between  the  high-tension  wires  (1000 
10  3000-volt)  of  two  different  companies  occupying  the  same  side  of  the 
street  or  crossing  at  right  angles?— 35,  83. 

15a — In  a  monocyclic  system  with  7300- volt  feeders,  stepping  down  to  2200 
volts  for  distribution,  should  there  be  a  separate  system  of  power 
mains,  or  should  the  power  and  lighting  transformers  be  connected  to 
the  same  lines  ?— 35.  5^. 

153 — What  size  of  wire  is  required  to  operate  seventy-five  6o-cycle,  constant- 
current,  7.5  ampere,  series  alternating  arc  lamps  with  73  volts  at  arc, 
on  a  circuit  18  miles  long? — 56. 

154— Are  the  present  strain  insulators  for  guying  safe  for  from  4000  to  9000 
volts?— 26,  35,  36a,  53,  112. 

155— Docs  it  add  to  the  danger  to  linemen  working  on  overhead  lines  to 
ground  the  neutral  on  2300-volt  primary  circuits  ?— 104. 

156— What  method  of  grounding  lightning  arresters  and  transformer  second- 
aries gives  the  best  ground  at  the  least  cost?- 45. 

157— What  is  the  ratio  of  transformer  capacity  to  connected  load  for  (a) 
residence  lighting,  and  (d)  business  lighting  ?~2o,  45,  126,  136,  150. 

158— In  what  way  can  a  test  be  made  for  finding  the  efficiency  of  trans- 
formers in  place?  How  can  such  transformers  be  tested  for  aging? 
How  should  a  record  be  kept  ?— 7,  35,  69,  112,  116,  138. 

iVi— What  is  the  best  method  of  locating  fuse  blocks  on  a  primary  distrib- 
uting system? — 136. 

i/io—What  form  of  primary  fuse  is  found  to  give  the  best  results?— 56,  150. 

ttii  What  kind  of  fuse  cui-out  is  best  adapted  for  2200-volt  circuits?— 
^0,  136. 

Ki'j-What  has  been  the  experience  in  the  use  of  single-conductor,  lead- 
rovered  cable  for  single-phase  and  polyphase  underground  work? — 
S(»,  136. 

ih\  Cttn  iiingle-conducior,  lead-covered  cable  be  used  for  high-tension, 
ihrrr-phusr  generator  leads  when  length  of  leads  does  not  exceed  1000 
Irri,  uihI  the  cable  is  drawn  through  three  separate  ducts  of  clay 
(uiiduit,  the  separation  of  leads  being  four  inches?— 35.  53,  69. 

104  WhttI  has  lieen  the  effect  of  burnouts  on  concentric  cable  as  compared 
wllh  burnouts  on  single-conductor  cables  ? 

Id)  In  nomr  of  the  eastern  cities  it  has  been  the  practice,  where  cables  are 
used  on  mains  and  feeders,  to  connect  the  cables  together  solid  at  street 
intrrsrctUms.    instead   of   using   fuse  junction  boxes  as  employed  on 


XXXV 

Edison  tube  work.  Have  any  serious  burnouts  occurred  oir  such  cable 
mains,  and  do  you  think  the  extent  of  damage  done  would  have  been 
less  if  fused  connections  had  been  employed  at  street  intersections? — 
35i  36a. 

166 — Have  you  had  any  trouble  with  oil  switches  failing  to  open  circuits  in 
case  of  trouble  due  to  short-circuits  or  other  causes  ? — 35,  130. 
(NoTK. — Questions  166,  167,  168  and   169  refer  to  circuits  operating  at 
6000  volts  or  more  from  stations  having  several   thousand  kilowatt 
capacity  in  generators.) 

167 — Have  you  had  any  burnouts  on  high-tension  transmission  cables,  and 
if  so,  how  were  they  caused,  and  how  much  damage  was  done  ? — 35,  130. 

168 — What  method  do  you  use  for  protecting  high-tension  transmission 
cables  from  manhole  fires? — 35,  130. 

169 — Have  you  had  any  trouble  caused  by  stray  currents  flowing  on  the  lead 
sheath  of  transmission  cables,  and  do  you  use  any  method  for  breaking 
the  continuity  of  the  lead  sheaths  on  these  cables? — 35. 

170— What  should  be  the  per-cent  drop  in  voltage  on  a  well-equipped  alter- 
nating-current line  between  station  and  centre  of  distribution  ?— 35,  45, 
130. 

171 — What  is  the  best  way  of  testing  meters  on  the  customer's  premises  ? — 
20,  86. 

f  72~What  degree  of  accuracy  at  five  per  cent  of  full  load  is  it  practically 
possible  to  maintain  on  wattmeters  of  the  commutator  type? — 11,26, 
35,  49,  63.  112,  123. 

T73 — What  is  the  maintenance  cost  per  kw-hour  of  the  different  types  of 
Nernst  lamps  ?t 25,  34.  no. 

174 — What  is  the  ratio  of  burnouts  in  a  Nernst  lamp  between  the  ballasts 
and  glowers  of  the  lamp?— 25,  28,  66.  no,  115,  118. 

175 — What  results,  as  compared  with  arc  lights,  has  the  Nernst  lamp  given 
for  street  lighting?— 66,  115,  134. 

176 — Do  Nernst  lamps  prove  troublesome  in  their  operation? — 2,  25,  28,  66, 
no,  115,  134. 

177 — As  Nernst  lamps  consume  much  less  current  than  other  lamps  in  pro- 
portion to  illumination,  how  is  the  customer  charged  for  this  service? — 
2,  no,  115,  134. 

178 — Are  Nernst  lamps  furnished  by  the  lighting  company,  or  do  the  cus- 
tomers, in  the  majority  of  cases,  furnish  their  own  lamps? — 2,  25.  no,, 
ns,  134. 

179 — Has  any  one  put  Nernst  lamps  to  a  commercial  use  ? — 25,  34,  67,  no, 
ns.  134. 

180 — Are  Nernst  lamps  as  efficient  on  watts  consumed  as  claimed  by  manu- 
facturers?— 12.  28,  35,  66,  no,  115,  134. 
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i8i — WhaC  is  the  average  life  of  Nernst-iamp  glowers  on  good  regulation^ 
from  practical  experience? — 2,  12,  25,  no,  115,  134, 

182 — What  globes  have  you  found  for  interior  arc  lighting  that  are  more 
decorative  than  the  plain  white  or  clear  glass,  and  within  reason  as  to 
cost  and  weight,  while  not  absorbing  more  light  than  an  opalescent 
globe  ?— 35- 

183— What  are  the  probable  future  relations  between  heat  supply  and  light 
and  power  in  both  residence  and  business  districts  ? 

184 — What  percentage  of  loss  between  the  station  metered  output  and  the 
customer's  metered  current  should  be  considered  good  results  in  a 
station  having  an  annual  output  of  800,000  kw-hours? — 56,  64. 

2'>i — Would  it  not  be  advisable  to  establish  a  standard  system  of  reports  for 
the  operation  of  electric  plants?  In  order  to  accomplish  this,  each 
member  should  submit  a  sample  of  his  reports,  and  the  whole  should 
be  submitted  to  a  committee  to  suggest  a  standard  form. — 5,  92,  126. 

2u2 — Which  has  been  found  most  satisfactory  in  small  towns — meter  or  flat 
rates,  or  a  combination  of  the  two? — 5,  16,  21,  38,  47,  52,  56,  64,  65,  74, 
89,  120,  122,  126,  133,  145,  147. 

203 — Which  is  preferable — to  make  a  high  rate  per  kw-hour  and  give  liberal 
discounts,  say  up  to  50  per  cent,  to  large  consumers,  or  to  make  a  low 
rate  with  a  maximum  discount  of,  say,  10  per  cent?— 21,  35.  47,  48,  52, 
64,  65,  74,  96,  120,  122,  145- 

204 — What  is  the  proper  method  of  charging  for  exhaust-steam  heating  ? — 
35,  105,  114. 

2Q^.What  position  is  being  taken  by  central  stations  generally  with  regard 
to  customers  puttint^  on  2-cp  and  4-cp  lamps?  Does  it  pay  to  give 
free  renewals  ?— 16,  35,  46,  52,  56,  O4,  72,  73,  74,  89,  122,  126,  146. 

206— What  success  are  central  stations  having  in  pushing  motor-driven  ice- 
making  and  refrigerating  plants  for  saloons,  restaurants,  markets 
and  residences  ? —35.  64,  71,  87,  89. 

207 — Is  it  for  the  best  interests  of  small  companies  to  do  a  wiring  business  ? 
—II,  12,  16,  35,  46,  47.  52,  65,  72.  73,  74,  89,  120,  147. 

208— How  far  should  a  station  go  in  the  handling  of  supplies  where  there 
are  wiring  contractors  in  the  town  ? — 5,  it.  56,  65,  72,  73,  89,  150. 

<{OQ_Should  not  central  stations  regulate,  to  some  extent  at  least,  the  prices 
charged  by  wiring  contractors  ?— 21,  73,  74,  89,  120. 

210— Is  it  economical  practice  to  maintain  a  storekeeper  in  a  plant  of,  say, 
looo-hp  capacity,  supplying  300 arc  lamps?— 21.  65,  73,  87,  90. 

211 — How  do  you  keep  account  of  stock?  Will  you  kindly  send  forms,  if 
necessary  for  complete  explanation  ?— 14.  35»  39.  90- 

212— Should  stations  dip  lamps  free  of  cost  for  their  customers,  in  addition 
to  furnishing  free  lamp  renewals  ? — 13,  71,  89,  12a,  126. 

213— Does  it  pay  to  support  display  rooms?— 5,  46,  89.  137. 
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?i4 — Will  you  give  a  list  of  articles  desirable  for  an  attractive  display  for 
the  office  of  a  lighting  company,  together  with  scheme  for  arrange- 
ment?— lo,  89, 

215— How  is  plant  or  betterment  account  taken  care  of  in  the  large  stations? 
— 92. 

^16 — How  do  you  figure  depreciation  ?--5,  35,  65,  92. 

217     What  is  the  best  method  for  control  and  disposal  of  scrap? — 56. 

218— Has  the  Doherty  rate  been  applied  to  power  consumers  ;  if  so,  what  is 
the  usual  basis  of  computation? — 31. 

219 — Is  the  Doherty  rate  of  special  value  to  plants  of  small  size  (225  consu- 
mers) in  cities  of  3000  inhabitants? — 31. 

220 — When  meters  are  used  by  an  electric-light  plant,  should  there  be  a 
minimum  rate  paid  irrespective  of  the  meter  readings  ;  if  so,  what 
should  the  minimum  rate  be? — 26,  30,  39,  63,  126,  147. 

221  -Should  the  minimum  rate  be  the  same  in  a  summer  resort,  where  one- 
half  to  five-eighths  of  the  lights  are  used  for  three  or  four  months  in  the 
summer  by  customers  whose  winter  bills  are  not  more  than  10  per 
cent  of  the  summer  bills  ;  if  not,  what  should  the  minimum  rate  be  in 
such  a  town? — 26,  128 

222 — Is  it  good  practice  to  charge  summer  customers,  or  three  and  four- 
month  customers,  the  same  rate  as  twelve-month  customers  ;  if  not. 
what  is  the  best  method  of  charging  for  such  customers? — 35,  56. 

223 — Will  it  not  be  necessary  to  discriminate  in  the  rates  for  the  different 
types  of  illuminants  where  the  operating  company  owns  lamps  and 
furnishes  renewals,  if  the  cost  of  maintenance  per  kw-hour  varies 
greatly? -35,  56. 

224  In  changing  from  an  overhead  to  an  underground  system,  what  is  the 
best  practice  with  regard  to  charging  for  new  underground  house  con- 
nections?— 35,  56. 

225 — What  has  been  the  experience  of  water-power  plants  with  the  maximum- 
demand  flat  rate,  controlled  by  a  Lacey  controller,  or  similar  device? — 
122. 

226 — What  is  the  relative  value  of  good  gas  per  icoo  feet  for  illuminating 
purposes,  when  used  with  the  best  Welsbach  burners,  as  compared  with 
electric  current  at  15  cents  per  kw-hour,  used  in  3.5-watt  incandescent 
lamps  ;  the  consumer  buying  his  own  mantles,  chimneys,  etc.,  but  the 
incandescent  lamps  being  furnished  free  by  the  electric-light  com- 
pany?—50. 

227— How  far  should  electric-light  and  power  companies  go  in  the  matter 
of  statistics?— 35,  65. 

228 — Does  the  use  made  of  daily  load  diagrams  of  station-generated  and 
substation-distributed  outputs  warrant  their  cost? — 35,  56. 

229— What  is  the  best  method  of  meeting  gas-arc  and  Welsbach  competition 
with  gas  at  $1.25  per  looo  feet? — 26,  56. 
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250 — Would  it  not  be  a  good  idea  for  the  association  to  establish  a  bureau  of 
advertising  to  suggest  forms  for  local  advertising  to  siecure  business  of 
lighting,  power«  etc.,  and  to  furnish  these  from  time  to  time  to  the 
members?  It  would  also  be  a  good  plan,  in  the  interests  of  the  larger 
stations,  for  this  bureau  to  keep  in  touch  with  capable  electricians  and 
other  high-class  employees. — 35. 

231 — What  methods  of  advertising  and  soliciting  are  found  to  be  most  sue- 
cessful  in  obtaining  new  business  ? — 35,  39,  40,  52. 

232 — Outside  of  cultivating  a  day  load  by  supplying  power,  what  is  being 
done  generally  toward  encouraging  the  use  of  summer  current  by 
water-power  plants  ? — 122.. 

233 — What  is  the  best  method  of  illustrating  the  superiority  of  electric-arc 
lighting  with  reference  to  general  illumination,  matching  colors,  etc., 
in  form  of  circular  or  card  that  can  be  kept  prominently  before  the 
public?  In  other  words,  can  a  card  or  circular  be  printed  in  several 
colors,  each  color  labeled,  and  instructions  be  printed  on  the  card  for 
viewing  same  under  various  lights,  noting  the  difference  in  appearance 
under  each  and  in  daylight  ?  What  colors  should  be  used  for  best  re- 
sults in  comparisons  between  electric  and  gas  arcs? — 117. 

234 — How  can  central  stations  best  dispose  of  electrical  or  other  apparatus 
that  is  too  small  for,  or  not  otherwise  suited  to,  present  or  future  re- 
quirements?— 39,  52,  61. 

235 — What  is  the  most  equitable  method  of  arriving  at  the  selling  price  of  a 
small  electric-lighting  plant  which  cost  $18,000;  gross  earnings  $6000 
per  year,  increasing  all  the  time  ;  operating  expenses,  taxes  and  repairs, 
$3000  ;  net  earnings,  $3000.  Municipality  wants  to  buy  for  $18.000 — 
cost  of  plant.  Lighting  company  wants  $30,000,  at  which  price  plant 
would  be  10  per  cent  on  investment.  Which  is  the  equitable  price,  or 
should  some  other  price  be  made,  and  if  so,  how  would  you  arrive  at 
same? — 56,  83. 

236 — Is  it  a  good  investment,  in  a  small  electric-light  plant  running  from 
dusk  to  dawn,  to  install  an  exhaust-sieam-heating  system  to  sell 
exhaust  steam  ? — 56. 

237— Would  it  not  be  profitable  for  the  members  of  this  association  to 
organize  a  mutual  insurance  company  ? — 35,  56,  147. 

251 — Will  you  describe  a  cheap  and  convenient  method  of  reproducing  maps 
and  other  drawings  where  there  are  no  facilities  for  blue-printing? — 

35.  50.  73. 

252 — Why  should  electric-light  carbons  take  such  a  high  freight  rate  ;  or. 
rather,  why  should  they  not  take  the  same  rate  as  other  commodities 
of  equal  value  and  risk  ?— 56. 

253 — What  is  the  best  method  by  which  to  combat  the  *' friendly  feeling  " 
among  the  three  largest  builders  of  electrical  machinery? — 35,  39.  73. 

254 — With  very  few  exceptions,  lightning  will  travel  to  station  a^<7///i/ direc- 
tion of  series  current.     What  is  the  reason  of  this?— 15,  69. 
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255— Why  not  request  dealers  in  the  far  East  of  the  United  States  always  to 
send  a  net  price  list  with  advertisements  sent  to  the  extreme  West  of 
the  United  States,  and  thus  avoid  a  season's  delay  ? — 39. 

256^What  bearing  on  the  electrical  industry  and  its  operation  has  th^  em- 
ployment of  boys  or  young  men  of,  say,  eighteen,  of  no  skill  or  ex- 
perience ;  grammar-school  graduates  of  limited  education,  with  one  or 
more  years'  experience  in  mechanical  work  of  some  kind  ? — 35. 

257 — What  is  to  be  the  result  of  the  agiuiion  throughout  the  country  regard- 
ing municipalities  entering  the  lighting  business  ?— 65. 


CONVENTIONS  OF  THE  ASSOCIATION 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Ninth 

Tenth 

Eleventh 

Tzvelfth 

Thirteenth 

Fourteenth 

Fifteenth 

Sixteenth 

Seventeenth 

Eighteenth 

Nineteenth 

Twentieth 

Twenty-first 

Twenty -second 

Twenty-third 

Twenty  foil  rth 

Twenty-fifth 

Twenty-sixth 


Chicago,  February  25,  26,   1885 
New  York,  August  18,   19,  20,   1885 
Baltimore,  February  10,   11;   12,   1886 
Detroit,  August  31,  September  i,  2,  1886 
Philadelphia,   February  15,   16,  17,    1887 
Boston,  August  9,   10,   11,   1887 
Pittsburg,  February  21,   22,  23,    1888 
New  York,  August  29,  30,  31,   1888 
Chicago,   February  19,  20,  21,   1889 
Niagara  Falls,  August  6,  7,  8,   1889 
Kansas   City,    February    11,    12,    13,    14, 

1890 
Cape  May,  August  19,    20,   21,   1890 
Providence,  February  17.   18,   19,   1891 
Montreal,  September,   7,  8,  9,    10,    1891 
Buffalo,   February  23,  24,   25,    1892 
St.  Louis,  February  28,  March  i,  2,  1893 
Washington,  February  27,  28,  March  i, 

2,   1894 
Cleveland,  February   19,   20,  21,    1895 
New  York,  May   5,  6,   7,    1896 
Niagara  Falls,  June  8,  9,   10,   J897 
Chicago,  June  7,  8,  9,    1898 
New  York,  May  23,   24,  25,   1899 
Chicago,   May  22,   23,   24,   1900 
Niagara  Falls,   May  21,   22,   23,    1901 
Cincinnati,   May  20,   21,  22,    1902 
Chicago,  May,   26,  27,   28,    1903 


PRESIDENTS  OF  THE  ASSOCIATION 


Jamks  F.   Morrison,  of  Baltimore 
Samukk  a.   Duncan,  of  Pittsburg 
Edwin  R.  Weeks,  of  Kansas  City 
Marsden  J.  Perry,  of  Providence 
Charles  R.   Huntley,  of  Buffalo 
James  I.  Ayer,  of  St.  Louis 

EinvARi)  A.  Armstrong,  of  Camden 
M.  JuDSON  Francisco,  of  Rutland 
<'.   H.   Wilmkrdinc;,  of  Chicago 
Frederic    Nu  holls,  of  Toronto 
Samuel  Insull,  of  Chicago 

Alden   M.  Younc;,  of  Waterbury 
Samuel  T.  Carnes,  of  Memphis 

James  Blake  Cahoon,  of  New  York 
Henry   L.   Doherty,  of  Denver 
Louis  A.   Ferc.uson,  of  Chicago 


HONORARY  MEMBERS 


R.  E.  Crompton,  London,  England 

Marcel  Deprez.  Paris,  France 

George  D.  Forbes,  London,  England 

Prof.  L  Fujioka,  Tokyo,  Japan 

Edouard  Hospitalier,  Paris,  France 

Dr.  E.  L.  Nichols,  Cornell  University,  Ithaca,  New  York 

Baron  Alphonse  de  Rothschild,  Parid,  France 

John  T.  Sprague,  Birmingham,  England 

Joseph  W.  Swan,  Lauriston,  Bromley,  Kent,  England 

Prof.  Sylvanus  B.  Thompson,  Technical  College,  Finsbury,  London,  England 

Prof.  Yashima,  Tokyo,  Japan 

Lord  Kelvin,  Glasgow,  Scotland 

Charles  F.  Brush.  Cleveland.  Ohio 

Thomas  A.  Edison.  Orange,  New  Jersey 

Prof.  Elihu  Thomson,  Lynn.  Massachusetts 

Frank  J.  Sprague,  New  York  City 

George  S.  Bowen,  Elgin.  Illinois 

Prof.  Edward  Weston,  Newark,  New  Jersey 

Sir  William  Dawson.  Montreal,  Canada 

Frank  R.  Redpath,  Montreal,  Canada 

Prof.  Henry  T.  Bovey,  McGill  University,  Montreal.  Canada 

Thomas  D.  Lockwood,  Boston,  Massachusetts 

* 

Nikola  Tesla,  New  York  City 
James  1.  Ayer,  Boston,  Massachusetts 
Cyrus  O.  Baker,  Jr.,  New  York  City 
Frederic  Nicholls,.  Toronto,  Canada 


ACTIVE  MEMBERS 


ALABAMA 

Anniston,  Anniston  Electric  and  Gas  Company 

BiKMiNtiiiAM,  Birmingham  Railway,  LiKht  and  Power  Company 

Dkmoihii.is,  DemopoHs  Electric  Light  and  Power  Company 

MoKiLE,  Mobile  Light  and  Railroad  Company 

ARIZONA 

pHiKMX,  Phoenix  Light  and  Fuel  Company 

Prk^cotf.  The  Prcscotl  Electric  Company 

Ti'c'soN,  United  States  Light  and  Traction  Company 

ARKANSAS 

Ei'REKA  Springs,  Citizens'  Electric  Company 

Fort  Smith,  Fort  Smith  Light  and  Traction  Company 

LiTTLK  Rock,  Little  Rock  Railway  and  Electric  Company 

Pine  Bi  iff,  "  Pine  BluflF  Light  and  Water  Company 

CALIFORNIA 

Los  ANt;Ki.Ks,  Edison  Electric  Company 

Pacific  Light  and  Power  Company 

The  Los  Angeles  Electric  Company 
Marysvili.k,  Marysville  Gas  and  Electric  Company 

Ontario,  Ontario  Power  Company 

Sacrament<».  Sacramento  Electric.  Gas  and  Railway  Company 

San  Fr\nci<o»,  Mutual  Electric  Company 

San  Francisro  Gas  and  Electric  Company 
San  Lkanoro.  Suburban  Electric  Light  Company  • 

Stock  ton.  Stockton  Gas  and  Electric  Company 

COLORADO 

Amkn,  The  Roaring  Fork  Electric  Light  and  Power  Com  pan  y 

Ca^on  Cm,  The  Colorado  Eleciric  Flower  Company 

Coi.oRADi)  SrRiMJ'^.    The  Colorado  Springs  Electric  Company 
Oknvi-r,  Denver  (ias  and  Electric  Company 

Mountain  Electric  Company 
I'nited  Siaies  Light  and  Tniction  Company 
Di  RANt;o,  The  Durango  Light  and  Power  Company 

Fort  Ctn.i  in>.  The  Larimer  Light  and  Power  Company 

(iEOR«;ET<»\VN.  The  I'nited  Light  and  Power  Company 


xlv 


Golden, 
Idaho  Springs, 


Lamar, 

Las  Animas, 

Leadville, 

Manitou, 

Ouray, 

Pueblo, 

Telluride, 

Victor, 


COLORADO— CoM/tHMfi/ 

The  Golden  Illuminating  Company 

The  Cascade  Electric  Company 

The    Consolidated    Gem    Mines  Company,   Electrical 

.    Department     ^ 
The  Lamar  Electric  Company 
Las  Animas  Electric  Company 
Leadville  Gas  and  Electric  Company 
The  Manitou  Electric  Company 
The  Ouray  Electric  Light  and  Power  Company 
Pueblo  and  Suburban  Traction  and  i^ighting  Company 
The  Telluride  Electric  Light  and  Power  Company 
The  Telluride  Power  Company 

The  Pueblo  and  Suburban  Traction  and  Lighting  Com- 
pany 


Branford. 

Bridgeport, 

Danbury, 

Daniel^on, 

Derby, 

Hartford, 

Litchfield, 

Meriden, 

Mystic, 

New  London, 

Norwich, 

rockville, 

Stamford, 

suffield, 

Thompsonville, 

Unionville, 

Westport, 


CONNECTICUT 

Branford  Lighting  and  Water  Company 

Connecticut  Railway  and  Lighting'Company 

Danbury  and  Bethel  Gas  and  Electric  Light  Company 

People's  Light  and  Power  Company 

Derby  Gas  Company 

Hartfor(l  Electric  Light  Company 

The  Litcbfield  Electric  Light  and  Power  Company 

Meriden  Electric  Light  Company 

The  Mystic  Electric  and  Gas  Light  Company 

The  New  London  Gas  and  Electric  Company 

Norwich  Gas  and  Electric  Company 

The  Rockville  Gas  and  Electric  Company 

Stamford  Gas  and  Electric  Company 

Village  Water  Company 

Enfield  Electric  Light  and  Power  Company 

The  Union  Electric  Light  and  Power  Company 

Westport  Water  and  Electric  Light  Company 


Wilmington, 


DELAWARE 
The  Wilmington  City  Electric  Company 


Washington, 


DISTRICT  OF  COLUMBIA 
Potomac  Electric  Power  Company 


Key  West, 
Tampa, 


FLORIDA 

Key  West  Electric  Company 
Tampa  Electric  Company 


Americus, 
I 


GEORGIA 
Americus  Illuminating  and  Power  Company 


xlvi 


Athens, 

Atlanta, 

Augusta, 

Columbus, 

Savannah, 

THomasville, 


GEORGlA^CoMfinufi/ 
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Thomasville  Electric  Light  and  Gas  Company 


Honolulu, 


HAWAII 
Hawaiian  Electric  Compatty,  Limited 


Boise, 

Lewiston, 

pocatello, 


IDAHO 

Capital  Electric  Light,  Motor  and  Gas  Company 

Lewiston  Water  and  Power  Company 

American  Falls,  Power,  Light  and  Water  Company 


Abingdon, 

Alton, 

Bloomington, 

Canton, 
Centralia, 
Chester, 
Chicago, 


Clinton, 

DeKalh, 

Dixon, 

Edwardsville, 

evanston, 

Hillsb(»ro, 

Jacksonville. 

JOILET, 

Molink, 

NOKOMIS, 

Peoria, 
Pont  I  AC, 
Quincy, 
Rock  fori  », 

SPRIN(iHKLI). 

Streator. 
Tavlorvili.k. 
Warsaw, 
Watseka, 


ILLINOIS 

Abingdon  Electric  Company 
Alton  Light  and  Traction  Company 
Bloomington  and  Normal  Railway,  Electric  and  Heat- 
ing Company 
People's  Gas  and  Electric  Light  Company 
Centralia  Gas  and  Electric  Company 
The  Chester  Light,  Water  and  Ice  Company 
Chicago  Edison  Company 

Chicago  Sectional  Electric  Underground  Company 
Commonwealth  Electric  Company 
Clinion  Gas  Company 
DeKalb-Sycamore  Electric  Company 
Dixon  Power  and  Lighting  Company 
Edwardsville  Electric  Light  and  Power  Company 
North  Shore  Electric  Company 
Hillsboro  Electric  Light  and  Power  Company 
Jacksonville  Gas  Light  and  Coke  Company 
Economy  Light  and  Power  Company 
People's  Power  Company 
Sukomis  Electric  Light  and  Power  Company 
Peoria  Gas  and  Electric  Company 
Pontiac  Light  and  Water  Company 
The  Independent  Light  and  Power  Company 
Rock  ford  Edison  Company 
Springfield  Electric  Light  and  Power  Company 
The  Capital  Electric  Company 
Streator  Gas  and  Light  Company 
Taylorvillc  Electric  Company 
Warsaw  Electric  Light  Plant 
Watseka  Electric  and  Heat  Company 
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Alexandria, 

Elkhart, 

Elwood, 

evansville, 

Fort  Wayne, 

Goshen, 

KOKOMO, 

Madison, 
New  Albany, 
South  Bend, 
Terre  Haute, 
Wabash, 


INDIANA 

Alexandria  Electric  Light  and  Power  Company 

Elkhart  Electric  Company 

Elwood  Electric  Light  Company 

Evansville  Gas  and  Electric  Light  Company 

Jcnney  Electric  Light  and  Power  Company 

The  Hawks  Electric  Company 

Kokomo,  Marion  and  Western  Traction  Company 

Madison  Lighting  Company 

United  Gas  and  Electric  Company 

South  Bend  Electric  Company 

Terre  Haute  Electric  Company 

The  Wabash  Electric  Light  Company 


Cedar  Rapids, 
Davenport, 
Decorah, 
Drs  Moines, 
Dubuque, 
Iowa  City, 
Mason  City, 
Muscatine, 
Ottumwa, 
Red  Oak, 
Sioux  City, 


IOWA 

Cedar  Rapids  Electric  Light  and  Power  Company 

People's  Light  Company 

The'Decotah  Electric  Light  Company 

Des  Moines  Edison  Light  Company 

Union  Electric  Company 

Iowa  City  Electric  Light  Company 

Brice  Gas  and  Electric  Company 

Citizens'  Railway  and  Light  Company 

Ottumwa  Traction  and  Light  Company 

Red  Oak  Electric  Company 

Sioux  City  Gas  and  Electric  Company 


Clay  Center. 
Columbus, 

TOPEKA, 


KANSAS 

F.  L.  Williamson  and  Company 
The  Columbus  Electric  Company 

Edison    Electric    Illuminating    Company    of    Topeka, 
Kansas 


Covin(;ton, 
Lexinc;ton, 
Louisville, 
Pauucah, 


KENTUCKY 

The  Union  Light,  Heat  and  Power  Company 

Lexington  Railway  Company 

Louisville  Lighting  Company 

The  Paducah  City  Railway  Company 


Lake  Charles, 


New  Orleans, 


Shreveport, 


LOUISIANA 

The  Lake  Charles  I^e,  Light  and  Water  Works  Com- 
pany 

New  Orleans  and  Carrollton  Railway,  Light  and  Power 
Company 

Shreveport  Gas,  Electric  Light  and  Power  Company 
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Bangor, 
Brunswick, 
Oakland, 
Portland, 

Skowhegan, 
Waterville, 


Baltimore, 
Bel  Air, 
Crisfield, 
Frederick, 
Havre  de  Grace, 


Amherst, 

Attleboro. 

Beverly, 

Boston, 

Br«h:kton, 

Brookline, 

Cambridge, 

Chelsea. 

Clinton. 

Cohasset. 

Fall  River. 

FiTCHHi  r«;. 

Gardner, 

Hyde  Park. 

Lawrence, 

Lke. 

Lexin'.;t.^n. 

L<.»wFi.:., 

Lynn, 

Ma:  l  FN. 

MaKLF'.KO. 

Nfw  Br  If    .-.: 

Nkw  :  vn. 
N.-KiH  A:  A^:-. 

PlTTrFIH:  . 

Pi.YV   v  :i:. 
RevenF. 
S».«i"TKrR::   ••:. 
Spr!N':f:f.ii  . 
Wef-tf:-.. 
We>tb  r:. 


MAINE 

Public  Works  Company 

The  Brunswick  Electric  Light  and  Power  Company 

Oakland  Electric  Company 

Consolidated  Electric  Light  Company  of  Maine 

Portland  Lighting  and  Power  Company 

Skowhegan  Electric  Light  Company 

Waterville  and  Fairfield  Railway  and  Light  Company 

MARYLAND 

The  United  Electric  Light  and  Power  Company 
The  Bel  Air  Electric  Company 
Crisfield  Ice  Manufacturing  Company 
Frederick  Electric  Light  and  Power  Company 
The  Havre  de  Grace  Electric  Company 

MASSACHUSETTS 

Amherst  Gas  Company 

Attleboro  Steam  and  Electric  Company 

Beverly  Gas  and  Electric  Company 

Edison  Electric  Illuminating  Company  of  Boston 

Edison  Electric  Illuminafing  Compaay  of  Brockton 

Brookline  Gas  Light  Company 

Cambridge  Electric  Light  Company 

Chelsea  Gas  Light  Company 

Clinton  Gas  Light  Company 

The  Cohasset  Electric  Company 

Fall  River  Electric  Light  Company 

Fiichburg  Gas  and  Electric  Light  Company 

Gardner  Electric  Light  Company 

Hyde  Park  Electric  Light  Company 

Lawrence  Gas  Company 

Lee  Electric  Company 

Lexington  Gas  and  Electric  Company 

The  Lowell  Electric  Light  Corporation 

Lynn  Gas  and  Electric  Company 

Maiden  Electric  Company 

Marlborough  Electric  Company 

New  Bedford  Gas  and  Edison  Light  Company 

Newton  and  Wateriown  Gas  Light  Company 

Norih  Adams  Gas  Light  Company 

Pittsne)  J  Electric  Company 

Piym-.  uih  Electric  Light  Company 

SLihuroan  Gas  and  Electric  Company 

Ar.irtw  F.  Hall 

Ur-.trri  Electric  Light  Company 

Wc:.  strrr  Electric  Company 

Westbcro  Gas  and  Electric  Company 
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West  Somerville, 
Whitman, 

WiNCHENDON, 
WOBURN, 

Worcester, 


MASSACHUSETTS— C^if/i««^</ 

Somerville  Electric  Li^ht  Company 
Whitman  Light  and_ Power  Company 
Winchendon  Electric  Light  and  Power  Company 
Woburn  Light,  Heat  and  Power  Company 
Worcester  Electric  Light  Company 


Adrian, 

Al.PKNA, 

Anm  Arbor, 
Big  Rapids, 
Brooklyn, 

CORUNNA, 
DETROir, 

Eaton  Rapids, 

Houghton, 

Ionia, 

Jackson, 

Kalamazoo, 

Mancelona, 

Plainwell, 

Port  Huron, 

Saginaw, 

St.  Joseph, 

Sault  Ste.  Marie, 


MICHIGAN 

The  Citizens'  Light  and  Power  Company 

Alpena  Electric  Light  Company 

Washtenaw  Light  and  Power  Company 

W.  E.  Donley  Electric  Light  and  Power  Company 

Brooklyn  Electric  Light  Company 

Shiawassee  Light  and  Power  Company 

Peninsular  Electric  Light  Company 

Citizens'  Electric  Company 

Houghton  County  Electric  Light  Company 

Ionia  Electric  Company 

Jackson  Light  and  Power  Company 

Kalamazoo  Valley  Electric  Company 

Mancelona  Electric  Light  and  Power  Company 

Arnold  and  Brownell  Electric  Company 

Port  Huron  Light  and  Power  Company 

Bartlett  Illuminating  Company 

Benion  Harbor  and  St.  Joseph   Electric  Railway  and 

Light  Company 
Trans-St.  Mary  Traction  Company 


Albert  Lea, 

Crookston, 

Duluth, 

Faribault, 

Little  Falls, 

Minneapolis, 

Pipestone, 

Red  Wing, 

St.  Cloud, 

St.  Paul, 

Winona, 


MINNESOTA 

Albert  Lea  Light  and  Power  Company 

Crooksion  Water  Works,  Power  and  Light  Company 

Duluth  General  Electric  Company 

The  Faribault  Gas  and  Electric  Company 

The  Little  Falls  Water  Power  Company  of  Minnesota 

The  Minneapolis  General  Electric  Company 

Pipestone  Electric  Light,  Heal  and  Power  Company 

Red  Wing  Gas  and  Electric  Company  . 

Light,  Heat.  Transit  and  Public  Service  Company 

Edison  Electric  Light  and  Power  Company  of  St.  Paul 

Winona  Railway  and  Light  Company. 


Aberdeen, 
Columbus, 
Meridian, 
Vicksburg. 


MISSISSIPPI 

J.  F.  Enderlin  Electric  Light  Company 
Columbus  Light  and  Power  Company 
Meridian  Light  and  Railway  Company 
Vicksburg  Railway  and  Light  Company 


MISSOURI 


Dk  Soto, 

JOPLIN. 

Kansas  City, 

MONETT, 

St.  Louis, 


Sprin(;fieli). 
Washington, 


Consumers'  Electric  Light  and  Power  Company 
Southwest  Missouri  Light  Company 
The  Kansas  City  Electric  Light  Company 
Monett  Electric  Light,  Power  and  Ice  Company 
The  Laclede  Gas  Light  Company 
The  Laclede  Power  Company  of  St.  Louis 
Union  Electric  Light  and  Power  Company 
Springfield  Gas  and  Electric  Company 
Tibbe  Electric  Company 


Anaconda, 
Bir.  Timber, 

BiLI.INlJS, 

Butte, 
Great  Falls, 

Helena, 

Kalispei.l, 

Missoula, 


MONTANA 

The  Anaconda  Copper  Mining  Company,  Electric  Lifht 

and  Railway  Department 
Bigtimber  Electric  Light  and  Power  Company 
Billings  Water  Power  Company 
Butte  Electric  and  Power  Company 
Boston   and    Great    Falls    Electric    Light   and    Power 

Company 
Helena  Light  and  Traction  Company 
Big  Fork  Electric  Power  and  Light  Company 
Missoula  Light  and  Power  Company 


Beatrice, 
Kearney, 
Lincoln, 
Omaha. 


NEBRASKA 

Beatrice  Electric  Company 

The  Northwestern   Electric,  Heat  and  Power  Company 

Lincoln  Gas  and  Electric  Light  Company 

Omaha  Electric  Light  and  Power  Company 


CONC'iRD, 
DnVKR, 

Franklin  Falls, 
Keenk, 
Mancuksi  lr, 
Nashua. 
Newport, 

PoRl'SMOUl  H, 


NEW  HAMPSHIRE 

Concord  F!leciric  Ctjmpany 

United  Gas  and  Electric  Company 

The  Franklin  Light  and  Power  Company 

Kcene  (ias  and  Pllectric  Company 

Manchester  Tractic^n,  Light  and  Power  Company 

Nashua  Light,  Heat  and  Power  Company 

Newport  Electric  Light  Company 

Rockingham  County  Light  and  l^owcr  Company 


AsBURY  Park, 

Atlantic  City, 

Dover, 

Egc  Harbor, 

Elizabeth. 

Hackensack, 

HOBOKEN, 


NEW   JERSEY 

Arlaniic  Coast  I-3lectric  Light  Company 

The  Atlantic  Electric  Light  and  Power  Company 

D'tvcr  l'.k'«:iric  Light  Company 

Atlantic  County  Electric  Company 

I'nii'.'rl  Electric  Company  of  New  Jersey 

The  (ias  and  Electric  Company  of  Bergen  County 

United  Electric  Company  of  New  Jersey 


li 


Jersey  City, 
Lambertvii.le, 
Long  Branch, 
morristown, 
Newark, 

Orange, 

Patkrson, 

Plainfield, 

Trenton, 

Washington, 


NEW  JERSEY^-^Gmtinu^d 

United  Electric  Company  of  New  Jersey 

Hunterdon  Electric  Company 

Consolidated  Gas  Company  of  New  Jersey 

United  Electric  Company  of  New  Jersey 

Public  Service  Corporation   of    New  Jersey,    Electric 

Department 
United  Electric  Company  of  New  Jersey 
Public  Service  Corporation  of  New  Jersey 
Plainfield  Gas  and  Electric  Light  Company 
Public  Service  Corporation  of  New  Jersey 
Washington  Electric  Light  Company 


Santa  Ffe, 


NEW  MEXICO    ' 
Santa  Fe  Water  and  Light  Company 


Albion, 
Alexandria  Bay, 

Auburn, 
Batavia,  . 

BlNGHAMTON, 

Brooklyn, 

Buffalo, 

Cazenovia, 

Cooperstown, 

Dundee, 

Elmira, 

Far  Rockaway, 


NEW  YORK 

Albion  Power  Company 

St.  Lawrence  International  Electric  Railroad  and  Land 

Company 
Auburn  Light,  Heat  and  Power  Company 
Consolidated  Gas  and  Electric  Company 
Binghamton  Light,  Heat  and  Power  Company 
Edison  Electric  Illuminating  Company  of  Brooklyn 
Buffalo  General  Electric  Company 
The  Union  Electric  Company 
The  Clinton  Mills  Power  Company 
Dundee  Electric  Light  Plant 
Elmira  Water,  Light  and  Railroad  Company 
Queens  Borough  Gas  and  Electric  Company 


Fishkill-on-Hudson  Citizens'  Railroad,  Light  and  Power  Company 


Fulton, 

Glens  Falls, 

Gloversville, 

Greenwich, 

Hoosick  Falls, 

Ithaca, 

Jamestown, 

Keeseville, 

Kingston, 

Liberty, 

Long  Island  City, 

Lyons, 

Mount  Vernon, 
Newburgh, 
New  York  City, 


Fulton  Light,  Heat  and  Power  Company 
Hudson  River  Water  Power  Company 
Fulton  County  Gas  and  Electric  Company 
Consolidated  Electric  Company 
Hoosick  Falls  Electric  Company 
Ithaca  Electric  Light  and  Power  Company 
Jamestown  Lighting  and  Power  Company 
Keeseville  Electric  Company 
Kingston  Gas  and  Electric  Company 
Liberty  Light  and  Power  Company 
New  York  and  Queens  Electric  Light  and  Power  Com- 
pany 
Wayne  County  ElectricCompany 
Westchester  Lighting  Company 
Newburgh  Light,  Heat  and  Power  Company 
New  York  Edison  Company 
United  Electric  Light  and  Power  Company 


Hi 


Niagara  Falls, 


Norwich, 

Nyack, 

Oneida, 

Oneonta, 

Ovii), 

Pekkskill, 

Port  Jervis, 

Potsdam, 

Poui;hkkkpsie, 

Richfield  Springs, 

Rochester, 

ROSLYN, 

Sa4<anac  Lake, 
Schenectady, 
Southami'TON, 
Syracuse, 
Ton  aw  AN  DA, 
Ti XEDO  Park, 
Utica, 
Watkrtuwn, 


NEW  ^OKK—ContiHUfd 

Buffalo  and  Niagara  Falls  Electric  Light  and   Power 

Company 
The  Niagara  Falls  Hydraulic  Power  and  Manufacturing 

Company 
The  Niagara  Falls  Power  Company 
Norwich  Gas  and  Electric  Company 
Rockland  Light  and  Power  Company 
Madison  County  Gas  and  Electric  Company 
Oneonta  Light  and  Power  Company 
Ovid  Eledtric  Company 
Peekskill  Lighting  and  Railroad  Company 
Port  Jervis  Light,  Power,  Gas  and  Railroad  Company 
The  Potsdam  Electric  Light  and  Power  Company 
Poughkeepsie  Light,  Heat  and  Power  Company 
Richfield  Springs  Electric  Light  and  Power  Company 
Rochester  Gas  and  Electric  Company 
Nassau  Light  and  Power  Company 
Saranac  Lake  Light,  Heat  and  Power  Company 
Schenectady  Railway  Company 
The  Southampton  Electric  Light  Company 
Syracuse  Lighting  Company 
Tonawanda  Power  Company 
Tuxedo  Electric  Light  Company 
Utica  Gas  and  Electric  Company 
Watertown  Electric  Light  Company 


ASHEVIl.l.E, 
Dl'RHAM, 

Henderson, 

Ralkhjh, 

\Vin>ion-Sai.km, 


NORTH   CAROLINA 

Asheville  Electric  Company 

Durham  Traction  Company 

Henderson  Lighting  and  Power  Company 

The  Raleigh  Electric  Company 

The  Fries  Manufacturing  and  Power  Company 


Grand  P'ork^, 


NORTH    DAKOTA 
Grand  Forks  Gas  and  Electric  Company 


Akron, 

Alliance. 

Can  ION, 

Cincinnati, 

Cleveland. 

coli'mhis, 

Defiance, 

Elyria, 

Lancasier, 

Leipsic. 


OHIO 

The  Northern  Ohio  Traction  and  Li^ht  Company 

Alliance  Gas  and  Electric  Company 

Canton  Light,  Heat  and  Power  Company 

The  Cincinnati  Gas  and  Eleciric  Company 

The  Cleveland  Electric  Illuminating^  Company 

The  Columbus  Railway  and  Light  Company 

People's  Gas  and  Electric  Company 

The  Citizens'  Gas  and  Electric  Company 

The  Lancaster  Electric  Light  Company 

Leipsic  Electric  Light,  Heat  and  Power  Company 
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Lima. 

Lisbon, 

Portsmouth, 

Salem, 

Springfield, 

Steubenville, 

Toledo, 

Warren, 

Youngstown, 

Zanesville. 


OHIO --Con/inufd 

The  Lima  Eleciric  Railway  and  Light  Company 

The  New  Lisbon  Gas  Company 

Portsmouth  Street  Railroad  and  Light  Company 

The  Salem  Electric  Light  and  Power  Company 

The  Springfield  Light  and  Power  Company 

The  Steubenville  Traction  and  Light  Company 

The  Toledo  Railways  and  Light  Company 

The  Warren  Electric  Light  and  Power  Company 

Youngstown  Consolidated  Gas  and  Electric  Company 

The  Zanesville  Railway,  Light  and  Power  Company 


GUTHRIK, 

Shawnee, 


OKLAHOMA 

The  New  Electric  and  Gas  Light  Company 
The  Shawnee  Light  and  Power  Company 


London, 
Ottawa, 


ONTARIO 

The  London  Electric  Company,  Limited 
The  Ottawa  Electric  Company 


Ashland, 

Marshfield, 

Portland, 

Salem, 

Sumpter, 


OREGON 

Ashland  Electric  Power  and  Light  Company 
Marshfield  Lighting  Company 
Portland  General  Electric  Company 
Citizens'  Light  and  Traction  Company 
The  Sumpter  Light  and  Water  Company  of  Sumpter, 
Oregon 


Altoona, 

Bethlehem, 

Bradford, 

Bristol, 

Carbondale, 

Carlisle, 
Connellsville, 
Danville, 
doylestown, 

E ASTON, 

Erie, 

Franklin, 

Lewistown, 

Manheim, 

Morton, 

New  Castle, 

Oil  City, 


PENNSYLVANIA 

The  Edison  Electric  Illuminating  Company  of  Altoona 

The  Bethlehem  Electric  Light  Company 

Bradford  Electric  Light  Company 

The  Bristol  Electric  Light  and  Power  Company 

Lackawanna  Valley  Electric  Light  and  Power  Supply 

Company 
The  Carlisle  Gas  and  Water  Company 
The  Electric  Company 
Standard  Electric  Light  Company 
Doylestown  Electric  Company 
Easton  Power  Company 
The  Erie  Company 
Franklin  Electric  Company 
Lewistown  Electric  Light  Company 
Lancaster  Valley  Electric  Light  Company 
Faraday  Heat,  Power  and  Light  Company 
New  Castle  Eleciric  Company 
Citizens'  Light  and  Power  Company 
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Philadklphia, 


Philipsburg, 
Phcenixville, 

PlTTSTON. 

Reading, 
scranton, 

TOWANDA, 

Warren, 

Wasiiin(;ton, 

Waynesboro, 

Waynesburg, 

West  Chester, 

Williamsport, 

York, 


PENNSYLVANIA— G>/»/i«i/^^ 

The  American  Railways  Company 
The  Brush  Electric  Lit^^ht  Company  of  Philadelphia 
The  Electric  Company  of  America 

The  Philipsburg  Electric  Li(i:ht,  Gas,  Power  and  Heat- 
ing Company 
Phoenix  Gas  and  Electric  Company 
Citizens'  Electric  Illuminating  Company 
Metropolitan  Electric  Company 
Scranton  Illuminating,  Heat  and  Power  Company 
Towanda  Electric  Illuminating  Company 
Warren  Electrical  Light  Company 
The  Washington  Electric  Light  and  Power  Company 
Waynesboro  Electric  Light  and  Power  Company 
Waynesburg  Electric  Light  and  Power  Company 
The  Edison  Electric  Illuminating  Company 
Lycoming  Electric  Company 
Edison  Electric  Light  Company 


Aylmer, 
Montreal, 

QL'EBF.C, 


Sherbrooke, 


QUEBEC 

Hull  Electric  Company 

Lachine  Rapids  Hydraulic  and  Power  Company 

Montreal  Light,  Heat  and  Power  Company 

Quebec-Jacques  Cartier  Electric  Company 

The  Canadian  Electric  Light  Company 

The  Quebec  Railway,  Light  and  Power  Company 

The  Sherbrooke  Power,  Light  and  Heat  Company 


Newport, 

Pawtickki, 
Provm)KN(;k, 

W00NM)LKKT, 


RHODE  ISLAND 

Newport  and   Fall  River  Street  Railway  and  Lighting 

Company 
Pawtucket  Electric  Company 
Narragansett  Electric  Lighting  Company 
Woonsocket  Electric  Machine  and  Power  Company 


Georoeiuwn, 


SOUTH    CAROLINA 
Georgetown  Electric  Company 


Leah. 


Chattan«m)(;a, 

Columbia, 

Knoxville, 

Memphis, 

Nashville, 


SOUTH  DAKOTA 
Melt  Light  and  Power  Company 

TENNESSEE 

Chattanooga  Light  and  Power  Company 
Columbia  Water  and  Li^ht  Company 
The  Knoxville  Electric  Light  and  Power  Company 
Memphis  Consolidated  Gas  and  Electric  Company 
Nashville  Railway  and  Light  Company 
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Brenham, 
Cleburne, 
corsicana, 
Dallas, 

El  Paso, 

Gainesville, 

Marshall, 

Paris, 

San  Antonio, 

Taylor, 

Waxahachie, 


TEXAS 

Brenham  Compress,  Oil  and  Manufacturing  Company 
The  Cleburne  Light  and  Power  Company 
Corsicana  Gas  and  Electric  Company 
Dallas  Electric  Light  and  Power  Company 
Dallas  Ice  Factory,  Light  and  Power  Company 
International  Light  and  Power  Company 
Merchants*  Electric  Light  and  Power  Company 
Arkansas  and  Texas  Consolidated  Ice  and  Coal  Com- 
pany 
Paris  Light  and  Power  Company 
San  Antonio  Gas  and  Electric  Company 
Taylor  Electric  Light  Company 
Waxahachie  Electric  Light  Company 


Salt  Lake  City, 


UTAH 
Utah  Light  and  Power  Company 


Bellows  Falls, 

Bennington, 

Brandon, 

Fair  Haven, 

Middlebury, 

Montpelier, 

Rutland, 

St.  Johnsbury, 

Vergennes, 


VERMONT 

The  Fall  Mountain  Electric  Light  and  Power  Company 

Bennington  Water  Power  and  Light  Company 

Neshobe  Electric  Company 

Fair  Haven  Electric  Company 

Middlebury  Electric  Company 

Consolidated  Lighting  Company 

Rutland  City  Electric  Company 

St.  Johnsbury  Electric  Company 

The  Vergennes  Electric  Company 


Lynchburg, 

Richmond, 

Roanoke, 


VIRGINIA 

Lynchburg  Traction  and  Light  Company 
Virginia  Passenger  and  Power  Company 
Roanoke  Railway  and  Electric  Company 


Dayton, 
Everett, 

HOQUIAM, 

Seattle, 
Walla  Walla, 


WASHINGTON 

Dayton  Electric  Light  and  Power  Company 

Everett  Railway  and  Electric  Company 

Gray's  Harbor  Electric  Company 

Snoqualmie  Falls  Power  Company 

The  Seattle  Electric  Company 

Walla  Walla  Gas  and  Electric  Company 


Charleston, 

Davis, 

Parkersburg, 


WEST  VIRGINIA 

Kanawaha  Water  and  Light  Company 
Davis  Electric  Light  Company 

Parkersburg,  Marietta  and   Inter-Urban  Railway  Com- 
pany 
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SiSTERSVILLK, 

Wheeling, 
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ORDER    OF    BUSINESS 


TuKSDAV,  May  26th,    1903. 
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4.  Report — Editor     of     Progress.      T.     Commkrkord 

Martin 
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M.  Anthony 
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MINUTES 


OPENING  OF  THE  COMVENTION 


The  twenty-sixth  convention  of  the  National  Electric  Light 
Association  was  held  at  the  Auditorium  Hotel,  Chicago,  Illinois. 

The  meeting  was  called  to  order  by  President  Ferguson 
at  a  quarter  after  ten  o'clock,  Tuesday  morning,  May  26,  1903. 

The  president  announced  that  it  had  been  expected  that 
Honorable  Carter  H.  Harrison,  mayor  of  Chicago,  would 
welcome  the  delegates,  but,  owing  to  business  engagements, 
he  was  unable  to  do  so.  In  place  of  the  address  of  welcome 
by  the  mayor,  Mr.  Edward  B.  Ellicott,  the  city  electrician, 
forwarded  the  following  resolution,  which  had  been  passed 
by  the  City  Council  at  its  meeting  on  Monday,  May  25  : 

**  Wherkas,  The  National  Electric  Light  Association  will 
hold  its  twenty-sixth  meeting  at  the  Auditorium  Hotel  in 
Chicago,  beginning  Tuesday,  May  26,   1903  ;  and 

*' Whkrkas,  Those  attending  will  represent  the  electric 
light  interests  of  this  country  ;  be  it  hereby 

*'  Resolved^  That  the  members  of  this  Council  wish  the  dele- 
gates a  successful  convention,  and  authorize  his  Honor,  the 
Mayor,  to  extend  to  them  during  their  visit  the  freedom  of 
the  city  of  Chicago." 

On  motion  of  Mr.  Insull,  it  was  voted  that  a  suitable 
acknowledgment  of  the  resolution  be  sent  to  the  mayor  of 
the  city. 


ADDRESS  OF  PRESIDENT  FERGUSON 


The  year  just  closing  with  this  convention  has  been 
an  unusually  active  one  for  the  officers  of  your  associa- 
tion, as  there  have  been  many  important  matters  pre- 
sented requiring  their  attention. 

Through  persistent  canvassing  the  active  member- 
ship of  the  association  has  been  increased  in  one  year 
more  than  150  per  cent,  until  now  we  number  in  our 
active  and  associate  membership  list  532  members, 
452  of  w^hom  arc  active  and  80  associates,  besides  26 
honorary  members.  The  association  has  become  in 
one  year  even  more  national  in  its  character,  and  its 
importance  and  value  are  becoming  more  generally 
recognized. 

It  has  been  customary  in  the  past  for  the  president, 
in  opening  the  convention,  to  review  the  development 
of  the  art  during  the  year,  but  we  shall  this  year 
depart  from  the  usual  custom,  following  the  suggestion 
of  our  president  of  last  year. 

The  president  of  this  association  should  not  be 
burdened  by  detail,  and  the  office  should  be  that  of 
chief  executive,  whose  duties  consist  in  enlarging  the 
scope  and  value  of  the  association's  work  and  conserv- 
ing the  interests  of  its  members  by  directing  the 
forces  at  his  command,  rather  than  that  of  historian, 
and  the  work  of  review  should  be  done  by  one  whose 
daily  thought  and  activity  are  along  the  lines  of 
watching  the  development  of   the   art.     Following  this 


idea,  your  president  appointed  a-  progress  editor,  who 
has  covered,  in  a  very  exhaustive  and  elaborate  report, 
the  development  of  electricity  in  its  applications  to 
light  and  power. 

In  addition  to  the  standing  committees  already  in 
existence  at  the  last  convention,  there  have  been 
appointed  during  the  year  reporters  on  five  special 
subjects,  all  of  great  importance  to  the  members  of 
the  association.  These  reporters  have  been  actively 
engaged  gathering  information  and  suggestions  from 
all  the  members,  which  they  have  assorted,  sifted  and 
compiled,  and  from  which  they  have  drawn  certain 
conclusions  which  will  be  submitted  to  you  as  recom- 
mendations in  the  form  of  carefully  prepared  reports. 
In  most  cases  these  reporters  have  met  with  ready  and 
courteous  assistance  from  the  members,  and  I  am  sure 
that  when  their  excellent  reports  are  read  all  those  who 
have  assisted  in  any  way  will  feel  amply  repaid,  for 
they  will  then  appreciate  the  immense  amount  of  time 
and  effort  that  has  been  expended  by  these  gentlemen 
who  have  been  so  painstaking  and  unselfish  in  their 
work  for  the  association's  good.  The  reports  of  these 
special  committees  are  not  merely  perfunctory  reports, 
but  represent  months  of  special  and  continuous 
thought,  and  will  prove,  I  trust,  as  valuable  and 
interesting  as  the  papers  that  have  been  prepared 
especially  for  this  convention. 

The  Question  Box  introduced  at  the  last  convention 
will  be  treated  in  a  somewhat  different  manner.  It 
was  considered  expedient  this  year  to  make  a  special 
department  of  this  subject,  and  an  editor  was  appointed 
to  handle  it.  Ic  has  grown  to  such  proportions  that 
your  president  has  deemed  it  advisable  to  have  the 
questions  and  answers  printed  completely  for  distribu- 
tion at  this  convention,  and   instead   of   going  through 


the  laborious  operation  of  reading  the  questions  and 
answers  aloud,  we  have  decided  to  present  the  Question 
Box  to  you  in  its  completed  form,  and,  if  found 
desirable,  discuss  it  at  one  session  of  the  meeting. 

The  committee  on  standard  rules  for  electrical  con- 
struction and  operation  has  been  called  upon  •  this 
year  for  unusually  active  work  in  connection  with 
the  National  Electrical  Code.  Certain  changes  in 
the  rules  for  overhead  construction  had  been  proposed 
by  a  committee  of  the  National  Underwriters*  Elec- 
trical Association,  and  were  under  consideration  by  a 
committee  representing  the  American  Institute  of 
Electrical  Engineers.  Feeling  that  some  of  the  pro- 
posed changes  in  the  rules  were  impracticable,  objec- 
tionable and  unfair  to  the  member  companies  of 
this  association,  your  president  communicated  with 
the  president  of  the  American  Institute  of  Electrical 
Engineers,  and  urged  postponement  of  favorable 
action  on  these  changes  until  they  might  be  considered 
by  the  National  Electric  Light  Association.  The 
request  was  granted,  and  your  committee  on  standard* 
rules  for  electrical  construction  and  operation  was 
invited  to  attend  the  future  joint  meetings  of  the 
committees  of  the  National  Underwriters'  Electrical 
Association  and  of  the  American  Institute  of  Electrical 
Engineers. 

Two  meetings  were  held  in  Boston,  one  in  February 
and  one  in  March,  at  both  of  which  your  committee 
and  your  president  were  in  attendance  and  took  an 
active  part.  Your  committee  took  the  position  that 
no  changes  could  be  made  in  these  ruk^s  without  a 
meeting  of  the  conference,  consisting  of  representatives 
of  all  associations  interested  in  the  subject,  as  follows  : 
American  Institute  of  Architects,  American  Institute 
of  Electrical   Engineers,  American   Society  of    Mechan- 


ical  Enjrincers,  American  Street  Railway  Association, 
Factory  Mutual  Fire  Insurance  Companies,  National 
Association  of  Fire  Engineers,  National  Board  of  Fire 
Underwriters,  National  Electric  Light  Association, 
Underwriters'  National  Electric  Association. 

This  position,  after  considerable  argument,  was 
sustained,  and  as  a  result  of  the  efforts  of  your  com- 
mittee, assisted  by  the  committee  from  the  Association 
of  Edison  Illuminating  Companies  and  the  American 
Institute  of  Electrical  Engineers,  the  underwriters 
removed  many  of  the  objectionable  features  in  the 
proposed  changes  of  the  rules. 

The  re-establishment  of  a  conference  —  after  an 
inactivity  of  five  years  or  more  —  to  settle  finally  all 
questions  of  rules  of  the  National  Electrical  Code  is 
of  prime  importance  to  the  central-station  companies 
of  the  countr}'^,  and  it  will  prevent  the  establishment 
of  rules  by  the  underwriters  that  might  seriously 
injure  the  electrical  interests  of  the  country  and  retard 
the  development  of  the  industry. 

The  necessity  for  closer  relations  with  other  associ- 
ations of  kindred  character  was  shown  by  the  joint 
work  of  the  committees  of  the  National  Electric  Light 
Association  and  the  Association  of  Edison  Illuminating 
Companies,  in  the  matter  of  the  National  Electrical  Code. 
The  American  Institute  of  Electrical  Engineers,  whose 
membership  is  made  up  largely  of  purely  technical 
men,  may  lay  down  some  rules,  or  the  National  Bureau 
of  Standards  may  adopt  some  standards  of  measure- 
ment, which,  while  they  may  appear  good  from  a 
purely  scientific  standpoint,  may  be  exceedingly  bad 
from  the  business  standpoint  of  the  members  of  this 
association. 

Some  of  the  members  of  this  association  are  also 
members   of    the    Association    of    Edison    Illuminating 


Companies  and  the  various  state  gas  and  electric  light 
associations    throughout    the    country,  and    the    officers 
and  engineers  of   the  member  companies  are  members 
of  the  American   Institute  of  Electrical  Engineers,  and 
of  the  American  Society  of  Mechanical  Engineers,  and 
other  similar  societies,  so  that  if  the  influence  which   it 
is  possible  for  them  to   wield   is   brought   to   bear   on 
any  given  subject    affecting  them,  and   under  consider- 
ation by  other  bodies,  there    is   no  doubt   that  serious 
injury  to    the    interests    of   the    member  companies    of 
this    association    may    thereby  be    prevented.     I  would 
recommend    to   you,  therefore,    the    appointment    of    a 
small  committee    of    forceful   men  to  watch  the  move- 
ments of  other  kindred  bodies  and  engineering  societies, 
to  confer  with  them  from  time  to  time,  and  to  promote 
a  closer  relationship  with  them,  so  that  their  actions  may 
not  be  antagonistic  to  the  members  of  this  association. 
There  is    probably    no    piece    of   apparatus   in    the 
construction  of  the  central  station  at  the  present  time, 
the     results    of    which    arc    awaited     with    such    keen 
interest    by    central-station     managers     as     the     steam 
turbine.     We  have  arranged    for   the  presentation  of  a 
paper  on    this    subject    by  a  man    who    has    had  much 
experience    in    the    operation  of   one    type    of   turbine, 
and    the  discussion    will    be    led    by    others    who    are 
especially    versed    in    the    subject,    as    far    as    they,    as 
manufacturers,   have    been    able    to    acquire   knowledge. 
Yet  I  feel  that  we  shall  not  have  exhausted  the  subject 
at  the  close  of   this   convention,  and  when  we  stop  to 
consider  that    two    manufacturers    of    steam  turbines  in 
this    country    have    taken    orders    in     12     months    for 
approximately  540,000  horse-power    capacity,  you    may 
realize    what    an    important    factor    it    may    ultimately 
become  in  our  business.      It  seems  wise,  therefore,  that 
we    should    not    rest    with    the    information    these   dis- 


tinguished  gentlemen  may  give  us  at  this  convention, 
but  we  should  appoint  a  committee  of  three  good 
mechanical  engineers  to  follow  the  development  of  the 
steam  turbine  during  the  coming  year,  and  report  the 
results  at  the  next  convention. 

There  is  a  growing  demand  for  electric  power  in 
factories,  and  it  is  important  to  central-station  com- 
panies that  this  business  should  be  obtained  for  their 
service.  Statistics  showing  the  useful  and  economical 
application  of  electricity  in  factories,  together  with 
costs  at  various  rates  per  kw-hour,  are  not  readily 
obtainable,  and  I  would  recommend  the  appointment 
of  a  committee  of  three  men  from  different  sections 
of  the  country,  to  gather  statistics  on  **  purchased 
electric  power  in  factories,"  and  report  at  the  next 
convention,  or  sooner,  if  found  feasible. 

In  choosing  the  papers  for  this  convention,  I  have 
tried  to  touch  upon  each  branch  of  the  central-station 
business  treating  of  some  phase  of  production,  by- 
products, distribution,  customers'  apparatus,  engineering 
and  testing,  and  management.  It  has  been  my  inten- 
tion to  avoid  confining  the  papers  and  reports  entirely 
to  purely  technical  subjects,  and  to  treat  with  consider- 
able liberality  questions  which  might  properly  be 
classed  under  the  management  of  the  central  station. 
Many  of  the  subjects  to  be  presented  are  entirely  new 
to  this  association,  and  have  never  been  discussed 
before  in  our  conventions. 

To  the  gentlemen  who  have  so  kindly  contributed 
papers,  and  to  the  editors  and  reporters  of  the  various 
committees  whose  names  appear  on  the  programme, 
and  to  those  gentlemen,  members  of  other  active 
committees,  who  by  their  valiant  support  have  helped 
me  conser\^e  the  interests  of  the  members ;  to  our 
industrious    and    ever-watchful    assistant    secretary,  who 
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so  ably  handles  the  routine  work,  and  to  the  electrical 
press ;  to  all  of  these  who  have  been  of  such  assistance 
to  mc  in  administering  the  affairs  of  the  association 
as  its  president,  I  am  deeply  grateful,  and  to  them  I 
extend  my  most  sincere  appreciation. 

On  motion  of  Mr.  Doherty,  it  was  voted  to  refer  the  address 
of  the  president  to  a  committee  of  three  for  consideration  and 
report  at  a  later  meeting. 

President  Ferguson  announced  that  this  committee  would 
be  appointed  at  a  later  session. 


ANNOUNCEMENTS 


President  Ferguson  announced  that  the  secretary,  Mr. 
James  B.  Cahoon,  had  been  compelled  to  resign  his  office  on 
account  of  ill  health.  The  president  had,  therefore,  appointed 
Mr.  Ernest  H.  Davis,  of  Williamsport,  Pa  ,  to  act  as  secretary 
until  the  expiration  of  the  term,  June  i,  1903,  when  the  incom- 
ing president  would  appoint  a  j)ermanent  secretary. 

Secretary  Davis  then  read  letters  of  regret  from  the  fol- 
lowing named  gentlemen  : 

James  B.  Angell,  President  University  of  Michigan.  Ann 
Arbor,  Mich. 

Edward  A.  Birge,  Acting  President  University  of  Wis- 
consin, Madison,  Wis. 

Htnry  T.  Bovey,  McGill  University,  Montreal,  Canada, 
Honorary  member. 

L.  P.  Breckenridge,  University  of  Illinois,  Urbana,  111. 

Charles  F.  Brush,  Cleveland,  Ohio,  Honorary  member. 

Henry  S.  Carhart,  University  of  Michigan,  Ann  Arbor, 
Mich. 

S.  T.  Carnes,  Memphis,  Tenn.,  Past-President  of  the 
Association. 

Charles  R.  Cross,  Massachusetts  Institute  of  Technology, 
Boston,  Mass. 

H.  J.  Davies,  Cleveland,  Ohio,  President  Street  Railway 
Accountants'  Association. 

Louis  Duncan,  Massachusetts  Institute  of  Tecl\pology, 
Boston,  Mass. 

Samuel  A.  Duncan,  Atlanta,  Ga.,  Past-President  of  the 
Association. 

Thomas  A.  Edison,  Honorary  member. 

M.  J.  Francisco,  Rutland,  Vt.,  Past-President  of  the  Asso- 
ciation. 

C  M.  Goddard,  Boston,  Secretary  Underwriters'  National 
Electric  Association. 

P.  G.  Gossler,  Montreal,  Member  of  Executive  Committee. 
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Frank    W.    Gunsaulus,     President    Armour    Institute    of 
Technology,  Chicago. 

William    R.    Harper,    Chicago,    President   The    University 
of  Chicago. 

Carl  Hering,  Philadelphia,  Past-President  American  Insti- 
tute of  Electrical  Engineers. 

A.  E.  Kcnnelly,  Hartford  University,  Cambridge,  Mass. 

W.    H.    Merritt,    Chicago,    Electrician    National    Board    of 
Fire  Underwriters. 

J.    F.    Morrison,   Baltimore,   Past-President   of     the    Asso- 
ciation. 

C.    H.    Mortimer,    Toronto,    Canada,   Secretary    Canadian 
Electrical  Association. 

Frederic  Nicholls,  Toronto,  Canada,  Past-President  of  the 
Association. 

Edward    L.    Nichols,    Cornell    University,    Ithaca,    N.    Y., 
Honorary  member. 

J.  H.  Perkins,  Youngstown,  Ohio,  Member  of  the  Executive 
Committee, 

Charles  F.  Pritchard,  Lynn,  Mass.,  President  Association  of 
Electric  Lighting  Engineers  of  New  England. 

Henry   S.   Pritchett,   President   Massachusetts   Institute  of 
Technology,  Boston,  Mass. 

William  L.  Puffer,  Massachusetts  Institute  of  Technology, 
Boston,  Mass. 

Harris  J.  Ryan,  Cornell  University,  Ithaca,  N.  Y. 

(jeorge    D.    Shepardson,    The    University    of     Minnesota, 
Minneapolis,  Minn. 

Nikola  Tesla,  Honorary  member. 

Elihu  Thomson,  Lynn,  Mass.,  Honorary  member. 

R.  H.  Thurston,  Cornell  University,  Ithaca,  N.  Y, 

C.  R.  V'an  Hise,  University  of  Wisconsin,  Madison,  Wis. 

Edwin  R.  Weeks,  Kansas  City,  Mo.,  Past-President  of  the 
Association. 

C.  J.  H.  Woodbury,  Boston,  Mass.,  Secretary  New  England 
Cotton  Manufacturers'  Association. 

•      Alden  M.  Young,  Waterhury,  Conn.,  Past-President  of  the 
Association. 


The  President  :  The  next  business  before  the  convention 
is  the  report  of  the  editor  of  progress,  Mr.  T.  Commerford 
Martin,  of  New  York. 

Mr.  Martin  :  Mr.  President  and  gentlemen  :  You  have 
copies  of  this  report  and  I  think  it  is  hardly  necessary,  there- 
fore, that  I  should  inflict  upon  you  the  reading  of  it,  as  some 
twenty  topics  are  taken  up.  The  only  difficulty  I  had  was  to 
determine,  with  the  advice  of  some  of  the  officers  of  the  asso- 
ciation, as  to  which  topics  should  be  included  in  the  report.  I 
am  obliged  to  Mr.  Doherty  for  sending  me  a  copy  of  the  report  of 
the  committee  on  progress  prepared  by  Mr.  Butterworth  for  the 
Ohio  Gas  Light  Association,  and  I  was  glad  to  avail  myself  of 
the  example  set  in  that  report.  Some  of  the  topics  in  my 
report  will  be  covered  by  papers  and  discussions  that  you  will 
have  during  this  meeting,  but  I  felt  it  my  duty  to  include  them. 
There  were  some  twenty  other  topics  that  I  should  have  been 
glad  to  include,  but  having  already  reached  a  length  of  seventy 
pages  I  thought  it  time  to  stay  my  hand. 

The  chief  features  of  presumable  interest,  in  the  report  are 
comparisons  between  our  own  industry  and  the  gas  industry  ; 
the  introduction  and  application  of  the  Nernst  lamp ;  the  possi- 
bilities connected  with  the  introduction  of  the  vacuum  tube  ; 
the  possibilities  and  actualities  of  electric  heating  ;  the  present 
inadequacy  of  electric  motor  drive  application,  and  the  possi- 
bilities connected  with  the  steam  turbine.  These  and  sundry 
other  topics  you  will  see  treated  at  greater  or  less  length. 

With  regard  to  some  of  the  statistics  contained  in  the 
report,  I  was  extremely  interested  and  encouraged  by  the 
figures  relating  to  the  growth  of  the  association,  presented  by 
our  worthy  president.  According  to  the  statistics  that  I  have 
just  compiled  for  the  United  States  Government,  we  have  in 
this  country  to-day  3,854  electric-light  systems,  not  necessarily 
companies.  Of  these  plants  or  systems,  805  are  municipal, 
leaving  some  3,000  central-station  organizations  at  the  present 
time.  It  would  appear,  therefore,  from  the  figures  presented 
by  our  president,  that  this  association  to-day  contains  within  its 
membership  over  15  per  cent  of  the  available  central-station 
companies  that  should  join.     I   have  studied  the  statistics  of 
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Other  national  bodies,  and,  so  far  as  I  can  ascertain,  that  is  an 
exceedingly  if  not  an  extraordinarily  high  percentage,  upon 
which  we  may  congratulate  ourselves  and  felicitate  not  only 
Mr.  Doherty  but  Mr.  Ferguson. 

With  regard  to  the  remark  of  the  president  on  the  pur- 
chase of  electric  current  for  motor  work,  I  would  call  attention 
to  the  significant  fact,  brought  out  in  my  report,  that  at  the 
present  time,  in  the  manufacturing  industries  of  this  country, 
less  than  five  per  cent  of  the  power  utilized  is  electrical.  It  is 
incredible  that  we  should  secure  the  other  95  per  cent,  because 
concurrently  with  the  introduction  of  the  electric  drive  must 
come  the  water  wheels  and  steam  engines  that  will  drive  the 
generators  ;  but  I  think  you  will  agree  that  there  lies  before  us 
a  future  whose  possibilities  we  can  not  estimate  or  define  in 
the  prosecution  of  our  work,  connected  with  the  introduction, 
development  and  utilization  of  the  electric  motor. 

At  the  conclusion  of  this  report  you  will  find  a  reference  to 
the  question  of  state  laboratories,  which  we  have  had  up  in  the 
State  of  New  York.  This  has  been  a  matter  of  considerable 
concern  to  us,  because  it  has  been  fostered  and  fathered  by  one 
of  the  most  distinguished  electrical  engineers  in  this  country. 
I  think  I  can  say  that,  for  the  present  at  least,  that  somewhat 
dubious  proposition  has  been  set  aside.  I  have  included  in  my 
report  the  original  draft  of  the  bill,  the  report  having  been 
written  some  weeks  ago  ;  and,  so  far  as  I  can  ascertain,  the 
proposition  to  found  a  state  laboratory  in  New  York  state  died 
in  committee,  and  I  trust  that  the  idea  will  not  be  revived.  If 
it  is  revived  and  should  pass  into  law,  there  is  a  great  danger, 
I  fear,  that  every  other  state  in  the  Union  will  be  annoyed  by 
the  institution  of  a  similar  state  laboratory,  whose  chief  purpose 
in  life,  apparently,  would  be  to  harass  the  central-station 
industry.  I  venture  to  hope  that  I  may  have  served  some  use- 
ful purpose  in  bringing  this  measure  to  your  notice.  I  have  no 
reason  to  question  the  good  faith  of  those  who  introduced  and 
pushed  the  measure,  but  I  am  convinced,  with  those  of  my 
friends  engaged  in  the  central-station  industry  in  the  State  of 
New  York,  that  there  could  hardly  be  any  measure  more 
pernicious  than  that  attempted  to  be  put  on  the  statute  book. 

I  am  obliged  to  you,  gentlemen,  for  your  attention. 


Mr.  Martin's  report  was  as  follows  : 

REPORT  OF  THE  COMMITTEE  ON  PROGRESS 


INTRODUCTORY 


In  view  of  the  fact  that  the  whole  National 
Electric  Light  Association  is  itself  a  committee  to 
report  on  the  advances  of  the  art,  when  it  meets  in 
annual  convention,  the  appointment  of  a  single 
individual  as  a  Committee  on  Progress  would  imply 
the  creation  of  a  somewhat  unnecessary  office,  involv. 
ing  an  honor  more  discreetly  evaded  than  accepted. 
The  fact  that  the  association  has  attained  its  prosper- 
ous stage  of  existence  after  nearly  twenty  years  of 
activity,  without  requiring  the  aid  of  such  a  com- 
mittee, might  well  be  accepted  as  evidence  of  its 
ability  to  grow  in  influence,  authority  and  usefulness 
without  extraneous  assistance  in  its  work.  Moreover, 
the  excellent  quality  of  its  later  programmes  as  well 
as  the  higher  range  of  the  discussions,  year  to  year, 
might  well  absolve  the  reporter  from  taking  his  task 
very  seriously. 

The  conimittee  having  been  appointed,  however, 
and  request  having  been  made  for  a  summary  of  what 
has  been  done  in  the  lighting  art  during  1 902-1 903,  the 
attempt  will  be  made  to  present  a  brief  general  review 
of  the  situation,  statistically  and  technically,  not 
assuming  to  do  more  than  bring  together  facts  that 
should  already  be  familiar  to  most  of  the  members, 
and  leaving  the  fuller  data  available  for  easy  reference. 
It  is  needless  to  say  that  frequent  citation  is  made 
from    the    columns    of    the    technical    press,  while  the 
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transactions  of  sister  societies  are  quoted  occasionally 
in  regard  to  topics  of  current  interest.  Indeed,  the 
most  striking  fact  that  emerges  in  all  reportorial  work 
of  this  review  character  is  the  fewness  of  the  subjects 
and  the  infinite  number  of  points  of  view  with 
respect  to  them.  After  nearly  a  score  of  years  of  life 
the  association  is  dealing  still  with  the  questions  that 
agitated  it  when  it  started,  but  every  one  of  them  is 
now  seen  from  different  angles  by  younger  eyes. 

GAS    AND    ELECTRICITY 

From  the  statistical  standpoint,  it  is  evident  that 
the  electric-lighting  industry  has  made  great  progress 
during  the  last  year,  or  rather,  during  the  past  annual 
periods  brought  to  account.  Since  the  association 
met  in  Cincinnati  last  May,  I  have,  as  special  agent 
for  the  United  States  Census  Office,  issued  two  bulle- 
tins bearing  upon  the  central  -  station  industry,  one 
dealing  with  the  manufacture  of  electrical  apparatus, 
the  other  treating  of  the  use  of  electric  motive  power 
in  manufacturing  establishments.  In  neither  case  had 
any  such  work  been  done  before,  but  there  is  every 
reason  to  believe  that  the  organization  of  the  new 
Department  of  Commerce  will  insure  the  frequent 
compilation  of  valuable  statistics  of  this  nature  in 
regard  to  all  the  branches  of  mechanical  industry  and 
production  or  use  of  apparatus.  As  the  transactions 
of  the  association  up  to  the  present  time  nowhere 
include  direct  or  relative  statistics  in  regard  to  elec 
tricity  or  its  allied  arts,  or  its  competitors,  it  may  be 
well  to  place  a  few  facts  on  record  here,  if  only  as 
landmarks  and  guides. 

The  best  indication  of  progress  by  a  moving  vehicle 
of  any  kind  is  for  its  passengers  to  note  how  it  over- 
hauls  another    vehicle    ahead    or   drops   out    of    sight 


^5 

• 

one  astern.  In  this  respect,  the  electric  light  and 
power  industry  has  few  gauges,  but  there  are  some. 
As  an  industry,  electric  lighting  can  be  measured  up 
against  gas,  and  here  we  have  most  interesting  data. 
According  to  the  report  of  Mr.  Arthur  L.  Hunt  for 
the  twelfth  United  States  census,  the  increase  in  estab- 
lishments producing  gas  between  1850  and  i860  was 
636  per  cent,  but  from  1890  to  1900  the  rate  of  increase 
was  only  18  j)er  cent.  In  view  of  the  fact  that  the 
latter  was  a  period  of  great  activity  in  electric  lighting, 
it  is  remarkable  that  gas  works  should  have  increased 
from  742  to  877.  But  this  is  rather  misleading,  and, 
as  Mr.  Hunt  remarks,  the  indications  are  that  the 
number  of  establishments  engaged  in  the  industry  is 
not  increasing  to  any  considerable  extent.  While 
there  were  66  new  establishments  constructed  during 
the  last  decade,  92  establishments  from  which  reports 
were  received  in  1890  failed  to  make  returns  in  1900. 
Of  this  latter  number  47,  or  over  one-half,  were  not 
in  operation,  having  been  dismantled,  closed  indefi- 
nitely, or  changed  to  electric  plants.  Of  the  other  45 
establishments,  nearly  one-third  now  distribute  natural 
gas ;  a  few  failed  to  make  returns  for  census  purposes ; 
and  18  establishments  that  were  reported  separately  in 
1890  have  since  lost  their  identity  through  consolida- 
tion. The  number  of  new  establishments  is  certainly 
small  when  it  is  considered  that  of  the  1,653  cities 
and  towns  of  the  United  States  having  a  population 
of  2,500  and  over,  there  were  826  in  which  no  gas 
was  manufactured.  Of  the  877  establishments  shown 
for  the  twelfth  census,  269,  or  30.7  per  cent,  were 
operated  in  connection  with  the  generation  of  electric- 
ity, and  it  was  reported  in  many  cases  that  the  pro- 
duction of  gas  was  attended  with  an  actual  loss.  Of 
course,  in  a  great    many   instances,  local    mergers  and 
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consolidations  that  have  brought  the  gas  and  electric 
interests  together  have  been  due  to  the  initiative  of 
the  gas  properties  which  have  remained  in  control, 
but  under  such  circumstances  it  is  by  no  means  sure 
who  is  entitled  to  remark  :  **We  have  met  the  enemy 
and  they  are  ours." 

INCANDESCENT    GAS    LIGHTING 

Lest  the  electric  -  lighting  manager  should  be 
unduly  encouraged  by  the  statistics  just  cited,  it  may 
be  well  to  quote  here  a  passage  from  the  progress 
report  by  Mr.  Irvin  Butterworth  to  the  Ohio  Gas 
Light  Association  this  year  on  incandescent  gas  street 
lighting:  **  Incandescent  gas  street  lighting,"  he  said, 
'*  has  made  great  progress  during  the  past  five  years, 
especially  during  the  early  part  of  this  period,  and  it 
is  still  coming  more  and  more  into  favor,  gradually 
making  headway  against  electric  street  lighting  and 
regaining  to  gas  much  of  this  business  that  it  had 
previously  lost.  Berlin,  with  its  32,000  Welsbach 
street  lights,  is  now  said  to  be  the  best  lighted  city 
in  Europe.  The  growth  of  this  system  of  street 
lighting  is  shown  in  the  fact  that  in  Boston  and 
vicinity  there  are  now  in  use  about  15,000  incandes- 
cent street  lamps,  in  Greater  New  York  and  vicinity 
20,000,  in  St.  Louis  13,000,  in  San  Francisco  5,000, 
etc.,  and  nearly  all  of  the  smaller  cities  and  towns  of 
fhe  country  have  many  of  them  in  use.  The  city  of 
Liverpool  owns  an  electric-light  plant  and  buys  what 
gas  it  uses  from  a  private  company,  and  yet  the 
chairman  of  its  lighting  committee,  replying  to  a 
question  asked  in  open  council,  recently  said  that  the 
committee  did  not  intend  to  extend  electric  lighting 
in  the  streets  as  they  had  found  that  incandescent 
gas  was  quite    as   good   and   much   cheaper."     Here  is 
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food  for  thought,  although  not  for  discouragement. 
A  British  officer  in  the  Soudan  has  remarked  that 
the  Arabs  there  with  their  medieval  methods  and 
weapons  are  never  so  dangerous  as  when  half  dead. 

STATISTICAL    GROWTH    OF    THE    ART 

Whatever  may  have  been  the  effect  of  electric 
lighting  on  gas  production  and  use,  only  encourage- 
ment can  be  found  in  the  direct  figures  relative  to  the 
advances  in  the  arts  connected  with  electrical  illumi- 
nation and  power,  as  well  in  their  statistical  aspect  as 
from  any  other  point  of  view.  At  the  present  moment, 
the  new  permanent  Census  Office  of  the  United  States 
is  collecting  the  data  of  the  industry  in  this  country, 
and  but  for  the  fact  that  the  statistics  of  the  electric- 
railway  art  were  taken  up  first  by  that  useful  depart- 
ment, I  should  have  been  able  now  to  present  some 
interesting  figures  in  detail,  bringmg  down  to  the 
present  time  and  treating  more  exhaustively  the  electric- 
lighting  figures  presented  in  my  report  of  1901 
on  electrical  manufacturing  for  the  twelfth  census. 
It  is  to  be  borne  in  mind  that  this  is  the  first  time 
that  the  government  has  made  the  effort  to  determine 
the  magnitude  of  our  industry.  Of  course,  private 
efforts  have  been  made  occasionally  to  arrive  at  a  fair 
approximation  of  its  scope,  although  on  looking  through 
the  records  I  note  that  it  is  several  years  since  the 
association  had  any  figures  submitted  to  it  on  the  sub- 
ject. The  last  careful  figures  compiled,  to  my  knowl- 
edge, were  made  during  the  second  quarter  of  1899, 
when  2,360  central-station  companies  were  shown  to  be 
in  existence,  reporting  280,439  ^^^  lamps,  2,679,432 
direct-current  incandescents,  5,380,932  alternating-cur- 
rent incandescents,  and  1,159,788  horse-power  of 
generating   apparatus   in  their  power  plants.     In  addi- 
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tion  to  these,  the  fourteenth  annual  report  of  the  United 
States  Commissioner  of  Labor  in  1899,  showed  460 
municipal  plants  in  operation.  This  makes  a  total  of 
2.820  plants  operated  by  central-station  companies  and 
municipalities.  Some  indication  of  the  growth  of  the 
art  may  be  seen  in  the  fact  that  last  year,  1902,  we 
brought  to  account  for  the  Census  Office  work  no  fewer 
than  3,854  such  plants  of  all  kinds,  showing  a  remark- 
able increase  of  not  less  than  30  per  cent  in  the  three 
years.  This  is  obviously  in  sharp  contrast  to  the  con- 
dition of  the  gas  industry,  and  there  is  no  doubt  that  the 
figures  of  capacity  will  exhibit  at  least  a  proportionate 
gain.  For  example,  the  production  of  arc  lamps  during 
1899-1900  was  actually  158,187,  and  I  note  that  during 
1902  one  large  manufacturing  company  reports  a  pro- 
duction of  over  80,000  lamps  for  the  year.  Allowing 
largely  for  the  substitution  of  the  inclosed  for  the 
open  arc,  and  for  the  requirements  of  isolated  plants. 
It  is  evident  that  a  rapid  central-station  increase  has 
been  going  on  ;  and  the  same  is  true  of  incandescent 
lamps,  of  which  the  output  reported  in  1899- 1900  was 
21,000,000  of  16  candle-power.  If  we  allowed  that 
half  of  these  went  to  isolated  plants,  and  that  every 
socket  on  central-station  circuits  took  about  one  lamp 
a  year,  we  should  reach  a  result  at  the  present  time 
and  at  a  lo-per-cent  gain  per  year,  of  a  consumption 
by  stations  of  over  12,500,000  lamps  a  year,  in  from 
12,500,000  to  15,500,000  sockets;  or  nearly  double  the 
connected  incandescent  load  of  four  years  ago.  These 
figures  are  striking  and  interesting,  even  if  conjectural. 
As  to  arc  lighting,  it  is  highly  significant  of  changes 
in  the  art  that  of  late  years  the  production  of  inclosed 
arcs  has  been  four  times  as  great  as  of  open,  and  that 
concurrently  with  this  there  has  been  apparently  a 
great   gain   in   street   lighting,  for    I    notice  from    the 
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returns  of  the  Massachusetts  Commission  that  while  in 
1901  the  number  of  street  open  arcs  fell  off  i,3CXD,  the 
number  of  inclosed  arcs  rose  3.724.  It  may  be  inci- 
dentally worth  noting  here  that  in  Massachusetts,  the 
same  year,  the  municipal  use  of  electric  current — virtu- 
ally arc  lighting — was  28.6  per  cent,  leaving  71.4  per 
cent  for  private  service,  which  would  be  chiefly  incan- 
descent lighting  and  power  work.  It  is  probable, 
however,  that  in  all  large  cities  the  ratio  would  be 
different,  and  on  this  point  the  New  York  Edison 
company,  this  spring,  while  fighting  a  movement  for 
a  municipal  arc  plant,  stated  that  the  public  lighting  on 
Manhattan  Island  was  but  five  per  cent  of  its  business. 

COMPARISONS     WITH     ABROAD 

Next  year,  if  the  association  should  honor  this 
committee  by  continuing  it,  I  hope  to  present  many 
analytical  points  of  interest,  but  at  this  juncture  we 
have  another  means  of  measuring  up  our  own 
progress,  in  observation  of  what  is  done  abroad.  The 
two  most  progressive  countries  of  Europe  are 
Germany  and  England.  With  regard  to  the  former 
nation,  incomplete  but  very  useful  figures  are  obtain- 
able from  a  total  of  870  stations,  of  which  475 
reported  last  year.  These  475  plants,  with  an  aggre- 
gate capacity  of  197,061-kw,  have  cost  about 
$395  P^^  kilowatt ;  if  a  mean  of  $400  is  assumed,  the 
capital  invested  in  the  total  plants  of  358,000-kw 
aggregate  capacity,  is  about  $143,000,000.  The  total 
number  of  central  stations  on  April  i,  1902,  was,  as 
stated,  870.  Of  these,  709  are  direct-current  stations, 
684  being  provided  with  storage  batteries,  their 
capacity  being  150,500-kw,  and  the  combined  and 
storage-battery  capacity  being  208,800-kw.  Twenty- 
five  direct-current  stations,  with  a  machine  capacity  of 
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6,2ook\v,  had  no  storage  batteries.  Single  and 
two-phase  alternating-current  systems  were  used  in  45 
stations  of  30,500-kw  capacity.  Three-phase  currents 
were  in  use  in  52  stations  of  76,000-kw  capacity. 
Combined  three-phase  and  direct-current  systems  were 
in  use  in  50  stations  of  87,000-kw  machine  capacity 
and  io7,oookw  combined  machine  and  storage-battery 
capacity.  Combined  single-phase  and  direct-current 
systems  were  in  use  in  12  stations  of  7,500-kw 
machine  capacity  and  8,000-kw  combined  machine 
and  storage-battery  capacity.  The  total  capacity  of 
the  storage  batteries  installed  in  direct-current  stations 
was  27  per  cent  of  the  total  capacity  of  the  direct- 
current  stations ;  58.6  per  cent  of  all  stations  used 
steam  power,  and  the  machine  capacity  of  these 
stations  was  79  per  cent  of  the  total  machine  capacity 
of  all  stations ;  six  per  cent  of  the  total  number  of 
plants  (with  a  capacity  of  one  and  one-third  per  cent 
of  the  total  capacity)  used  gas  engines.  The  water- 
power  plants  were  9.65  per  cent  of  the  total  number, 
the  capacity  being  6.75  per  cent  of  the  total  capacity. 
As  to  size,  353  stations  have  a  capacity  below  100- 
kw  ;  360  have  a  capacity  between  loi-kw  and  500-kw, 
66  up  to  i,ooo-kw.  33  to  2,000-kw,  30  to  5,000-kw,  17 
more  than  5,000-kw.  As  showing  the  preponderance 
of  a  few  large  plants,  it  may  be  noted  that  the  total 
capacity  of  the  47  plants  which  had  a  capacity  above 
2,000-kw  was  one  -  quarter  more  than  all  the 
other  833  stations  together.  It  will  be  seen  that  even 
allowing  for  difference  of  population  and  national 
wealth,  our  electric-light  and  power  development 
compares  most  favorably  with  the  like  status  in 
Germany. 

The  excellent  statistics  of    the  London   Electrician 
show  316  central  stations  in  operation  in  Great  Britain 
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at  the  close  of  1902,  and  41  in  course  of  erection. 
The  connected  load  was  equivalent  to  about  17,000,000 
lamps  of  8  candle-power,  or  say  8,000.000  lamps 
of  16  candle-power,  a  surprisingly  good  figure,  but 
indicative,  perhaps,  of  an  absence  of  severe  competition 
from  isolated  plants,  such  as  is  experienced  in  America. 
The  figures  given  as  to  cost  and  price  of  current  are 
interesting,  and  suggest  the  wish  that  as  years  go  by 
more  and  more  of  such  international  data  will  be 
forthcoming  for  study.  It  appears  that  the  mean 
price  to  ordinary  consumers  for  lighting  and  power 
supply  was  8.32  cents  per  kw-hour  in  1900  and  8.12 
cents  in  1901  ;  for  public  lighting  the  price  was  4.66 
cents  in  1900  and  4.72  cents  in  1901  ;  and  for  traction 
supply  3.52  cents  in  1900  and  3.36  cents  in  1901. 
The  average  total  receipts  for  current  for  all  uses  were 
7.12  cents  in  1900  and  6.78  cents  in  1901.  The 
average  figure,  representing  six  per  cent  of  the  mean 
expended  capital  per  unit  sold,  is  very  nearly  equal 
to  the  total  cost  per  unit  ;  in  other  words,  of 
the  total  charges  on  the  revenue  of  a  concern,  half 
is  roughly  the  total  working  cost  and  half  the  capital 
charges.  Below  one  and  a  half  million  units  the  out- 
put was  the  most  governing  factor,  while  above  that 
output  the  load  factor  was  comparatively  more  and 
more  important  in  its  effect  on  the  expenses,  especially 
on  the  capital  expenses.  The  St.  James  station  in 
London  heads  the  list  with  a  total  cost  per  unit  sold 
of  4.18  cents  in  1901,  and  the  total  cost  plus  seven 
per  cent  of  the  mean  expended  capital  per  unit  sold 
6.52  cents.  The  corresponding  figures  for  the  average 
values  of  all  the  stations  were  5.42  cents  and  12.02 
cents.  Before  leaving  England,  I  can  not  refrain 
from  pointing  out  that  according  to  the  statistics  just 
compiled  by  Mr.   Henry  Geissel,   Spain    has   no  fewer 
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than  639  central  stations,  or  nearly  twice  as  many  as 
England.  This  remarkable  fact  may  possibly  be  ex- 
plained by  the  numerous  water  powers  available  in 
Spain. 

As  we  have  always  had  active  and  zealous  officers 
and  members  from  the  Dominion,  I  would  like  to 
add  a  few  figures  from  Canada.  Mr.  George  Johnson, 
of  Ottawa,  the  Dominion  statistician,  shows  that  the 
number  of  companies  doing  business  in  electricity  in 
connection  with  lighting,  has  increased  from  259  in 
1898,  to  312  in  1902.  The  number  of  arc  lights 
increased  from  10,389  to  12,884  during  the  same 
period.  The  incandescent  lamps  number  995,056, 
making  an  increase  of  179,380  lamps  over  last  year 
and  531,441  over  the  year  1898.  Reckoning  each 
arc  lamp  as  equal  to  10  incandescents,  the  use  of 
electricity  as  a  light  giver  has  developed  in  Canada 
during  the  past  four  years  from  565,505  lamps  in  1898 
to  1,125,896  in  1902.  Of  the  total  312  companies, 
Ontario  has  195,  or  sixty-two  and  one-half  per  cent. 
Ontario  cities,  towns  and  villages  avail  themselves  of 
electricity  as  a  light  medium  to  a  much  greater  extent 
than  those  of  the  other  provinces.  There  are  over  no 
of  these  communities  in  which  electricity  is  used  for 
lighting,  and  of  these  more  than  a  score  operate  their 
own  lighting  plants.  Several  cities  and  towns  have 
more  than  one  plant. 

THE     STORAGE-BATTERY     EQUIPMENT 

In  the  figures  above  quoted  from  Germany,  one 
can  not  but  be  struck  by  the  extraordinary  proportion 
of  stations  equipped  with  storage  batteries — 684  out 
of  870,  or  75  per  cent.  No  such  ratio  applies  in  the 
United  States,  although  at  the  Institute  meeting  in 
April,    Mr.    John    W.    Lieb    placed    emphatically    on 
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record  his  conviction  as  to  the  absolute  indispensa- 
bility  of  that  adjunct.  It  would  appear  from  the 
recent  census  work  that  out  of  the  3,665  simple  central 
stations  only  51  report  batteries,  so  that  a  large  field 
remains  for  missionary  effort.  In  fact,  some  stations 
with  batteries  betray  a  disinclination  to  push  their  use. 
Mr.  Alton  D.  Adams  reported  last  December  the  case 
of  a  large  system  of  electrical  supply  with  a  battery  of 
140  cells,  equal  to  an  output  of  952  kilowatts  at  a 
five-hour  rate,  or  ^;i  per  cent  of  the  highest  average 
load  on  the  system.  The  battery,  however,  carried 
only  1 1.9  per  cent  of  this  maximum,  and  only  in  one 
month  had  it  attained  its  possible  rate  ;  reaching,  also, 
20  per  cent  of  the  maximum  load  in  another  month. 
While  the  output  from  the  system  had  been  slightly 
but  steadily  growing,  the  percentage  of  battery  output 
had  fallen  off  all  the  time.  In  the  last  three  months 
of  1898  the  battery  furnished  7.6  per  cent  of  the 
entire  output  of  the  system.  In  1899  the  percentage 
was  5.4;  in  1900  it  was  three  per  cent,  and  in  1901 
it  was  2.5.  It  is  unfortunate  that  Mr.  Adams  did 
not  disclose  what  happened  in  1902.  He  states,  how- 
ever, that  measured  by  the  ratio  of  kw-hours  of  dis- 
charge to  kw-hours  of  charge  in  each  year,  the  effi- 
ciency had  fallen  oflf  from  75.6  per  cent  to  64.6,  or 
II  per  cent  in  a  little  more  than  three  years.  He 
also  arrives  at  the  conclusion  that  the  cost  charges 
amounted  to  6.4  cents  per  kw-hour  for  the  current 
delivered  by  the  battery  in  one  of  the  years  cited, 
and  he  remarks :  **  Facts  similar  to  these  no  doubt 
have  a  bearing  on  the  failure  of  American  central 
stations  to  adopt  storage  batteries  more  rapidly." 
There  must  be  another  side  to  this,  however,  and  in 
view  of  the  rapid  concentration  of  systems,  the  growth 
of  distribution  networks,  and  the  increase  in  the  num- 
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ber  of  sub-stations,  it  would  seem  inevitable  that  there 
should  be  a  corresponding  storage-battery  development. 
Considerably  over  $4,000,000  worth  of  batteries  was 
made  and  sold  in  this  country  last  year,  largely  for 
central  power  plant  uses.  Since  the  economy  in  the 
use  of  a  central-station  battery  is  a  function  of  the 
load  curve,  it  being  greater  the  sharper  the  peak,  and 
falling  off  as  the  peak  spreads,  the  optimist  might 
declare  that  the  conclusion  to  be  drawn  from  the 
disparity  noted  between  American  and  German  central 
stations  is  that  the  former  operate  under  more 
favorable  conditions  with  respect  to  load  curve.  We 
doubt,  however,  if  a  difference  exists  to  such  an 
extent  as  this  might  imply. 

HIGH-TENSION    OVERHEAD    TRANSMISSION 

The  recent  development  of  high-tension  long-distance 
transmission  of  current  for  purposes  of  electric  light 
and  power  has  naturally  raised  many  practical  questions 
of  interest  to  central-station  men.  One  of  these  is 
brought  up  in  the  mechanical  specifications  for  a  pro- 
posed standard  insulator  pin  presented  before  the 
American  Institute  of  Electrical  Engineers  last  March 
by  Mr.  Ralph  D.   Mershon.     The  data  are  as  follows : 

Threaded  End — It  is  proposed  to  make  the  diam- 
eter of  the  small  end  of  the  pin  one  inch  ;  the  length 
of  the  threaded  portion  is  2.5  inches,  and  the  diameter 
at  the  lower  end  of  the  threaded  portion  1.25  inches, 
so  that  the  threaded  portion  will  taper  from  1.25  inches 
to  one  inch  in  a  length  of  2.5  inches.  The  threaded 
portion  of  the  insulator  should  have  the  same  dimen- 
sions and  taper  as  that  of  the  pin. 

Shoulder — It  is  proposed  to  make  the  shoulder 
three-sixteenths  inch  on  all  pins.  That  is,  the  diameter 
of  the  pin  just  above  the  cross-arm  will  be  three-eighths 
inch  greater  than  the  nominal  diameter  of  that  portion 
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of  the  pin  in  the  cross-arm.  It  is  proposed  to  carry 
this  diameter  one-fourth  inch  above  the  cross-arm  before 
tapering  the  pin. 

Dimensions  in  Cross-arm — It  is  proposed  to  make 
the  diameter  of  that  portion  of  the  pin  in  the  cross-arm, 
just  below  the  shoulder,  one-thirty-second  inch  less  than 
the  diameter  of  the  hole  in  the  cross-arm  and  at  the 
lower  end  of  the  pin  one-sixteenth  less  than  the  diameter 
of  the  hole  in  the  cross-arm.  It  is  proposed,  also,  to 
designate  this  portion  of  the  pin  as  having  a  nominal 
diameter  equal  to  that  of  the  hole  in  the  cross-arm  into 
which  the  pin  fits.  Therefore,  that  portion  of  a  pin 
which  is  to  fit  a  1.5-inch  hole  in  a  cross-arm  will 
have  a  nominal  diameter  just  below  the  shoulder  of  one 
and  fifteen-thirty-seconds  inch,  and  at  the  lower  end  of 
the  pin  of  seven-sixteenths  inch. 
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Form  of  Pin  Thread— High-Tension  Overhead  Transmission 


Thread — It  is  proposed  to  use  on  all  pins  a  thread 
having  a  pitch  of  one-fourth  inch,  or  four  threads  to 
the  mch,  the  form  of  thread  to  be  that  shown  in 
Figure  I  (scale  four  times  full  size).  As  there  shown, 
the  angle  between  the  faces  of  •  the  thread  is  90,  and 
the  top  of  the  thread  is  flattened  by  cutting  off,  from 
the  form  the  thread  would  have  if  not  flattened,  one- 
fourth  its  unflattened  depth.  The  form  of  the  thread 
in  the  insulator  should  be  the  same  as  that  on  the 
pin.  If  this  is  done  it  will  insure  the  bearing  surface 
being  always  on  the  sides  of  the  threads  and  never 
on  the  edges. 

Designation — It  is  proposed  to  designate  that  por- 
tion of  the  pin  above  the  cross-arm  as  the  **stem"  of 
the  pin.     That  portion  in  the  cross-arm  as  the  **  shank  " 
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of  the  pin.  It  is  proposed  to  designate  a  pin  by  the 
length  of  its  stem,  i.  e,,  a  pin  whose  stem  is  five 
inches  long  will  be  designated  as  a  **  five-inch "  pin, 
one  six  inches  long  as  a  **  six-inch  "  pin,  and  so  on. 

Dimaisions  of  Standard  Pins — In  accordance  with 
the  above,  the  following  table  has  been  prepared,  giv- 
ing a  number  of  sizes  of  pins  and  their  dimensions, 
which  it  is  proposed  to  make  standard.     The  diameter 
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of  the  shank  has  in  each  case  been  fixed  by  making- 
it  approximately  equal  to  (slightly  larger  than)  the 
diameter  of  the  theoretical  pin  corresponding  to  the 
length  of  the  stem  of  the  pin  ni  question.  The  head- 
ings of  the  columns  of  the  table  refer  to  the  lettering 
of  Figure  2.  Figure  2  is  a  dimensioned  unthreaded 
five-inch  (proposed  standard)  pin. 
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In  this  connection  Mr.  M.  H.  Gerry,  Jr.,  of  the  Mis- 
souri River  Power  Company,  favored  a  diameter  greater 
than  one  inch  at  the  top  of  the  pin  proposed  and  a 
thread  greater  than  2.5  inches.  Prof.  C.  L.  Corey  noted 
Californian  use  of  iron  pins  with  porcelain  sleeves  on 
the  83-mile,  33,000-volt,  3-phase  transmission  line  from 
the  Santa  Ana  power  house  to  Los  Angeles.  He  de- 
scribed an  iron  pin  designed  by  Mr.  Wynne  for  the 
long  lines  of  the  Vancouver  Power  Company.  It  con- 
sists of  a  12-inch  steel  bolt;  a  cast-iron  sleeve  4.25 
inches  long  fitting  closely  to  the  cross-arm  filhng  the 
space  between  the  thread  and  corresponding  to  the  stem 
of  the  ordinary  wooden  pin.  A  lead  thread  is  cast  on 
the  end  of  the  steel  bolt,  which  is  first  chopped  or  made 
ragged  to  enable  the  lead  to  hold.  Mr.  D.  L.  Hunt- 
ington, of  the  Washington  Power  Company,  Spokane, 
Wash.,  said  that  as  the  result  of  experiments  a  pin  was 
adopted  18  inches  long  made  of  1. 125  inch  round  mild 
steel  bar,  with  a  shoulder  and  shank  cast  upon  it. 
Mr.  C.  C.  Chesney  considered  that  the  success  secured 
in  the  operation  of  the  great  majority  of  transmission 
lines  is  due  to  the  good  insulation  of  the  insulator,  the 
insulation  of  the  pin  not  entering ;  and  that  for  40,000 
volts  and  higher,  the  insulators  at  present  made  do  not 
have  the  same  factor  of  safety  as  those  for  lower  voltages 
offered  by  the  same  manufacturers.  This  difference  is 
due  more  particularly  to  the  general  shape  of  the  insu- 
lator and  the  dimensions  of  the  insulating  surfaces  and 
petticoats.  In  localities  subject  to  salt  storms,  heavy 
sea  fogs  or  where  there  are  chemical  factories  there 
has  been  more  or  less  pin  burning  without  regard  to  the 
type  of  insulator  used  or  to  the  potential  of  the  system. 
In  one  case,  owing  to  deposit  on  insulators  from  a 
neighboring  chemical  factory,  trouble  was  experienced 
from  the  burning  of  pins  at  440  volts,  though  10,000- 


28 

volt  insulators  were  used.  The  evidence,  while  not 
conclusive,  points  to  the  advisability  of  using  iron  pins 
with  modem  insulators  properly  chosen  for  the  line 
potential.  Mr.  H.  W.  Buck  said  he  had  found  many 
pins  on  the  Niagara  transmission  Hne  to  Buffalo  in 
which  disintegration  had  taken  place  at  the  top  of  the 
pin.  This  would  crumble  into  white  powder  which, 
when  analyzed,  was  found  to  be  a  nitrate  salt.  This 
would  appear  to  indicate  that  nitric  acid  was  formed  by 
the  static  discharge  of  the  pin  and  had  attacked  the 
wood.  He  gave  an  account  of  an  experimental  75,000- 
volt,  single-phase  line,  the  conductors  of  which  were  of 
iron  tied  with  copper  wires.  At  the  end  of  five 
months  the  galvanized  iron  had  turned  black,  although 
the  iron  guy-wires  remained  in  their  original  bright 
condition,  thus  indicating  that  the  blacking  was  not 
due  to  atmospheric  conditions.  It  was  noted  that 
the  wire  became  discolored  on  the  surface  to  the  depth 
of  several  thousandths  of  an  inch,  and  the  copper  tie- 
wire  was  also  attacked  to  a  certain  depth,  but  not  as 
much  as  the  iron.  This  would  appear  to  indicate  that 
a  nitrogen  compound  formed  in  a  thin  layer  around 
the  conductor  at  high  voltage,  due  to  brush  discharges, 
and  uniting  with  moisture,  attacked  the  metal.  It  was 
also  noted  in  the  discussion  that  one  of  the  newest 
lines  in  Mexico  uses  Portland  cement  and  iron  pins, 
set  upon  iron  towers  giving  a  distance  between  the 
insulators  of  from  420  to  500  feet. 

NEW    TVF>ES    OF    ARC    LAMP 

At  one  time  there  were  thirty  or  forty  **  parent  ** 
arc-light  companies  competing  for  the  patronage  of 
members  of  this  association,  who,  in  consequence,  had 
to  endure  a  good  deal  of  rhetoric  in  regard  to  the 
"talking    points"    of    new    arc    lamps.     Although    the 


29 

speculative  fever  of  those  early  days  has  died  out,  and 
attention  is  being  directed  to  more  recent  and  radical 
departures  in  electrical  illumination,  one  or  two  special 
advances  in  the  arc  field  deserve  note.  Many 
members  may  have  heard,  for  example,  of  the  Bremer 
arc  lamp,  but  hitherto  it  has  escaped  definite  record 
in  our  transactions.  It  is  the  invention  of  Hugo 
Bremer,  of  Germany,  and  one  or  two  of  the  lamps 
have  been  seen  in  operation  in  this  country.  Here- 
with is  illustrated  one  of  a  pair  that  have  been  in 
operation  outside  the  Plaza  Hotel,  at  Central  Park, 
New  York  city  (p.  30).  As  already  described  in  the 
technical  papers,  the  principal  features  of  this  lamp  are 
the  employment  of  a  compound  carbon,  the  arrangement 
of  the  carbons  at  an  acute  angle  to  each  other,  the 
use  of  a  metal  chamber  above  the  arc  for  reflecting 
the  light  downward,  and  the  employment  of  a 
magnetic  field  for  the  automatic  regulation  of  the  arc. 
The  carbons  are  fed  by  gravity.  When  the  arc 
lengthens  to  or  near  the  breaking  point  as  the  carbons 
consume,  an  electromagnetically-operated  lever — ^the 
same  which  strikes  the  arc  when  the  lamp  starts  into 
operation — re-establishes  the  arc,  and  by  its  motion 
causes  the  carbons  to  feed  until  the  arc  reaches  the 
normal  length. 

Both  of  the  carbons  are  of  small  diameter,  that  of 
the  positive  carbon  being  about  seven  millimeters,  and 
of  the  negative  carbon  six  millimeters,  or  about  five- 
sixteenths  and  one-fourth  inch,  respectively.  The  nega- 
tive electrode  is  an  ordinary  solid  carbon,  but  the 
positive  electrode  is  a  cored  carbon  of  special  compo- 
sition. This  carbon  contains  certain  metallic  salts  in 
considerable  quantity,  of  which  magnesia  is  one,  and 
also  a  certain  proportion  of  boron  or  other  material 
of   the    same    family.      In    the    past,  difficulty  arose    in 


the    use    of   metallic   carbons  owing   to   the   fact   th 
Lhey  produce    scoria,  which    tends  to    form    an    inco^ 
l)ustib]e    coating    about    the   points    of    the    electn 
thereby    interfering    with    or   interrupting    the    arc. 
s|)ecial  feature  consists  in  the  introduction  of  boron  i 
similar  materi;il  as  a  tlux,  whereby  the    othenvise  soli 
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scoria  is  softened  or  liquefied,  thus  enabling  it  to  drip 
off  and  not  interfere  with  the  u|x:iation  of  the  arc. 

The  two  electrodes  are  inclined  to  each  other  at  an 
acute  angle,  and  the  points  are  surrounded  by  a  metal 
chamber  open  below.  The  magnesium  in  the  positive 
carbon  makes  a  snowy  deposit  on  the  surface  of  tiiis 
reflector,  thus  providing  a  dull,  white,  highly-reflecting 


surface.  The  coating  obtained  in  this  way  adheres  to 
the  metallic  surfaces  to  the  thickness  of  about  one- 
eighth  inch.  A  very  simple  arrangement  is  employed 
to  ol)tain  a  magnetic  field  for  the  control  of  the  ara 
The  strength  of    this  field    is  dependent  upon  the  cur- 


rent (lowing  through   the   lamp,  which   gives   an  auto- 
malic  character   to  the  magnetic  regulation. 

The  color  of  the  light  can  be  r^ulated  almost  at 
will  by  the  use  of  proper  materials  in  the  arc.  The 
light  from  the  lamps  in  service  in  New  York  is  par- 
ticularly   agreeable,    the   illumination    furnished    being 
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between  that  from  an  incandescent  lamp  and  that  of 
an  arc,  lacking  much  of  the  redness  of  the  former  and 
the  glare  of  the  latter.  Some  experiments  made  at 
the  Laboratoire  Central  de  TElectricit^  in  Paris  showed 
that  for  a  given  total  flux  of  light  the  efficiency  of 
the  lamp  is  about  double  that  of  the  ordinary  arc  lamp, 
the  exact  ratio  being  200  to  117.  In  view  of  the 
fact  that  all  the  light  is  distributed  in  useful  directions, 
the  comparison  in  the  Bremer  lamp  is  apparently  very- 
favorable. 

This  lamp  is  also  made  with  the  carbons  vertical 
to  each  other  as  usual,  and  it  is  also  made  along  the 
familiar  lines  of  the  double  arc  lamp,  as  shown  in 
Figure  2,  in  which  the  two  main  current  windings  are 
in  series  with  one  or  the  other  pair  of  carbons ;  the 
shunt  windings  are  in  parallel  with  the  arc.  It  follows 
that  all  the  coils  are  supplied  with  current,  so  that  as 
only  one  arc  is  burning  there  is  a  slight  waste,  compen- 
sated by  greater  certainty  of  action.  Several  Bremer 
lamps  can  also  be  operated  in  series. 

Another  but  smaller  form  of  impregnated  carbon 
arc  lamp  has  been  devised  by  an  Italian  engineer  named 
Rignon,  and  taken  up  by  well-known  German  manu- 
facturers. According  to  the  only  details  I  have  seen 
that  arc  authentic,  this  miniature  arc  lamp  has  about 
the  size  of  a  Ncrnst  lamp  for  one  ampere.  It  is  an 
inclosed  lamp.  The  impregnation  of  the  carbons  is 
said  to  increase  the  illumination  obtained  per  unit  of 
power,  and  prolong  the  life  of  the  carbon.  The  regu- 
lating mechanism  is  reported  to  be  very  simple,  so  that 
a  small  and  very  economical  lamp  is  produced,  the 
light  from  which  is  said  to  be  steady.  The  life  of  the 
carbons,  which  have  a  thickness  of  about  one  millimeter, 
is  20  hours.  The  current  consumption  is  0.6  watt  per 
candle-power.      Rignon    states    that    the    lamp    can    be 
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made  from  50  candle-power  upwards,  the  selling   price 
being  not  over  $5.00. 

HIGH-TENSION    UNDERGROUND    TRANSMISSION 

The  underground  aspects  of  high-tension  transmis- 
sion were  recently  summed  up  by  Mr.  Henry  S.  Floy. 
Basing  his  conclusion  on  figures  secured  from  various 
manufacturers,  he  estimated  that  there  was  expended  in 
the  United  States  during  the  year  1902,  at  least 
$14,000,000  for  the  purchase  of  insulated  conductors 
designed  for  the  transmission  of  electrical  energy  other 
than  that  used  in  telegraph  and  telephone  service.  Of 
this  only  a  small  part,  probably  not  over  one  per  cent, 
was  invested  in  what  may  fairly  be  termed  high-tension 
insulated  conductors ;  that  is,  conductors  which  are  used 
for  transmitting  energy  at  a  pressure  of  at  least  10,000 
volts.  While  the  art  had  made  rapid  strides  in  the 
utilization  of  higher  voltages  for  electrical  transmission 
until  at  present  40,000  volts  is  not  considered  extraor- 
dinary, and  60,000  volts  is  employed  in  at  least  one 
installation,  all  of  this  advance  work  is  being  done  with 
the  use  of  aerial  circuits,  and  very  little  has  been  accom- 
plished through  the  use  of  an  insulated  conductor  in 
the  form  of  a  cable.  It  is  almost  possible  to  count  on 
the  fingers  of  one  hand  all  the  installations  in  the  world 
which  are  transmitting  energy  at  10,000  volts,  or  above, 
by  means  of  underground  cables.  This  is  the  more 
surprising  when  it  is  considered  that  several  compara- 
tively high-tension  underground  systems  have  been  in 
operation  a  number  of  years,  that  they  have  given 
almost  perfect  satisfaction  and  that  not  one  of  them 
has  proven  a  failure. 

For  several  years  Ferranti  has  been  operating  suc- 
cessfully a  single-phase,  high-tension  underground  trans- 
mission   in    London.      Durinjo:    the    past   six    years  the 
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Twin  City  Rapid  Transit  Company,  of  Minneapolis, 
has  had  in  constant  operation  two  ii,ocx>volt,  three- 
conductor  cables,  respectively  ten  and  ten  and  three- 
quarter  miles  in  length.  Two  and  one-half  years  ago 
the  St.  Croix  Power  Company  installed  in  St.  Paul 
two  three-conductor  cables,  each  a  little  over  three 
miles  in  length,  which  have  ever  since  been  in  satis- 
factory operation  at  about  25,000  volts.  Buffalo  is 
distributing  locally  thousands  of  kilowatts  of  power 
from  Niagara  Falls  through  10,000-volt  cables.  The 
Montreal  Light,  Heat  and  Power  Company  last  autumn 
put  into  successful  operation  a  considerable  length  of 
22,000-volt  and  a  few  hundred  feet  of  30,000-volt 
cable.  In  New  York  city  the  Manhattan  Elevated 
has  laid  about  12  miles  of  ** unusually  high"  11,000- 
volt  cable,  part  of  w^hich  has  been  in  satisfactory 
operation  for  over  a  year.  The  Rapid  Transit  Under- 
ground Railway  has  installed  thus  far  some  20  miles 
of  tri-phase,  ii,ooo-volt  cable,  and  it  is  even  whispered 
that  the  city  is  to  see  a  44,000-volt  underground  trans- 
mission in  the  not  distant  future. 

It  will  be  argued  by  some  engineers  that  one  rea- 
son for  the  slow  introduction  and  small  use  of  high- 
tension  cable  is  due  to  the  relatively  small  saving  in 
copper  and  greater  cost  in  insulation  resulting  from 
increasing  the  pressure.  It  seemed  to  Mr.  Floy,  how- 
ever, that  this  conclusion  is  not  warranted,  judging 
from  the  figures  available  as  to  the  relative  cost  of 
the  cables  suited  for  different  potentials  up  to  25,000 
volts.  Furthermore,  such  conclusion  omits  a  consider- 
tion  of  the  money  that  may  necessarily  be  invested 
for  transformers,  real  estate,  etc.,  as  for  example  in 
the  Niagara  Falls-Buffalo  transmission,  where,  although 
20,000  volts  is  being  used  on  the  overhead  line, 
step-down    transformers    are    interposed    to    reduce   the 
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voltage    from    20,000  to  10,000   volts    before   the    cur- 
rent is  distributed  underground. 

MOTORS    AND    ELKCTRIC    DRIVE 

No  branch  of  the  central-station  industry  has  gone 
ahead  with  greater  activity  during  1902  than  that  of 
electric-power  distribution,  due  doubtless  to  the  fact 
that  so  large  an  opportunity  still  exists.  The  revela- 
tions of  the  tw^elfth  United  States  census  were  in  this 
respect  little  short  of  extraordinary.  In  dealing  with 
the  manufactures  of  the  country,  no  fewer  than  512,- 
254  establishments  or  factories  came  under  considera- 
tion. The  extent  to  which  hand-power  is  still  resorted 
to,  evidencing  the  opportunity  for  small  electric  motors, 
may  be  infened  from  the  singular  fact  that  of  these 
half-million  establishments  only  169,409  reported  power. 
In  other  words,  in  only  33  per  cent  of  the  ** shops" 
in  the  United  States  had  it  paid  to  install  ordinar)'- 
mechanical  power,  or  a  gain  of  only  five  per  cent  in 
10  years.  Steam  continued,  of  course,  to  be  the  great 
primary  power  and  had  risen  rapidly,  being,  as  the  re- 
port shows,  not  less  than  8,742,416  horse-power  in 
1900  out  of  a  total  of  11,300,081  horse-power.  This  is 
77.4  per  cent,  whereas  in  1890  it  was  only  51.8  per 
cent.  Water-power,  on  the  other  hand,  has  gone  off ; 
for,  although  it  has  risen  in  bulk  from  1,255,206 
horse-power  to  1,727,258,  the  percentage  of  the  total 
in   1906  was  only  15.3  as  compared  with  21.1   in   1890. 

It  appeared  further  that  the  electric  power  owned 
and  rented  for  manufacturing  work  was  only  about 
four  per  cent  of  the  total,  the  figures  being  311,016 
horse-power  owned,  in  16.923  motors,  and  183,682 
horse-power  rented.  But  this  showed  a  gain  of  1,897 
per  cent  over  the  figures  of  1890,  when  the  electric 
motor    had    not    fairly    come    in.     Moreover,    the    fact 


36 

deserves    note    that    while    electric    power   rented    was 
183,682  horse-power,  all   other   power  rented  was  only 
137,369  horse-power.    In  the  early  days  of  the  motor  it 
was  proposed  to  rent  out  all  the  motors  as  a  means  of 
introducing  them,  and  the  practice  gained  considerable 
vogue,  as  shown    by  my  paper   read   before  the  associ- 
ation   in     1886;     but    as    the    above    statistics    prove, 
people  now  buy  and   own  their  motors,  and  the  Com- 
panies are  not  burdened  with   an    investment  it  would 
have    been    extremely   difficult   to    maintain    free    from 
enormous    risk    of   detriment   and  depreciation.     What 
this  would  have  meant  may  be  inferred  from  the  state- 
ment that  in   1 900-1 901    the  New   York  Edison  com- 
pany reported  50,634  horse-power  of  motors  connected 
to  its  circuits,  or  30  times   as   much   as   in    1890.     At 
$75    per   horse-power,  this  would   imply  an  investment 
by  the   company  of   nearly  four  millions  in  machinery 
that  it  would  have  had  to  watch  over  widely  scattered 
territory.     Obviously,  the  plan   of   selling   motors   out- 
right has  not  checked   their   adoption,  in  view  of  such 
phenomenal  increases. 

It  is,  of  course,  evident  that  central  stations  have 
many  fields  for  work  with  motors,  outside  those  con- 
nected with  factories,  so  that,  great  as  are  the  oppor- 
tunities there,  they  are  not  the  only  ones.  At  the 
recent  meeting,  for  example,  of  that  useful  body,  the 
Iowa  Electrical  Association,  I  note  that  Mr.  D.  F. 
MeCfce,  of  Red  Oak,  gave  some  interesting  data  on 
city  jmmping.  It  appears  that  20  electric-light  com- 
panies in  Iowa  arc  doing  city  pumping  for  water- 
works, auvl  five  of  these  are  doing  it  with  electrically- 
operated  pumps.  Nine  of  these  stations  pump  at  a  flat 
rate  of  so  much  per  month.  Ten  have  a  minimum 
rate  with  a  measured  rate  for  all  pumping  over  a 
certain  daily  maximum.      One  pumps  at  a  regular  rate 
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of  SO  much  per  gallon.  Mr.  McGee  thought  that 
many  members  were  either  inexperienced  in  this  class 
of  work  or  were  unable  to  secure  definite  information 
as  to  cost  of  doing  it  when  they  made  their  contracts 
for  pumping.  **As  a  result,  we  are  doing  it  at  a  loss. 
Our  company  was  one  of  the  first  in  the  state  to 
attempt  to  do  city  pumping  with  electric  power.  We 
have  been  successful  in  saving  money  for  the  city, 
but  our  margin  of  profit,  after  figuring  up  cost  of 
fuel  and  other  expenses,  interest  on  investment  and 
depreciation,  has  not  been  very  large.  We  furnish 
day  power  service  and  operate  a  heating  plant ;  have  a 
large  standpipe  and  can  pump  water  at  most  con- 
venient times."  The  rate  at  Red  Oak  is  $125  per 
month  minimum,  with  four  cents  per  gallon  additional 
for  all  in  excess  of  100,000  gallons  each  day.  The 
pumps  work  against  100  pounds  pressure,  drawing 
from  open  wells.  Allowing  six-per-cent  interest  and 
six-per-cent  depreciation  on  the  apparatus,  the  rate 
received  worked  out  practically  at  about  four  cents 
per  kw-hour.  The  saving  to  the  city  was  $1,800  to 
$2,000  per  year.  Mr.  A.  W.  Zahn,  of  Mason  City, 
said  his  company  had  been  recently  figuring  with  the 
city  on  doing  the  pumping,  as  the  city's  apparatus 
was  in  need  of  replacement.  It  was  now  costing  the 
city  eight  cents  per  1,000  gallons  to  pump  from  a 
deep  well  and  then  to  a  standpipe. 

Another  branch  of  work  now  being  pushed  very 
vigorously  in  the  large  cities  is  that  of  elevator  ser- 
vice, and  what  can  be  earned  in  that  direction  is 
shown  by  the  following  table  compiled  by  the  Brook- 
lyn Edison  company.  It  shows  the  average  monthly 
earnings  of  the  company  for  the  past  year  on  25 
electric  passenger  elevators  and  25  electric  freight 
elevators. 
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PASSENGER   ELEVATORS                                FREIGHT  ELEVATORS 

1 

No. 

Horse- 
power 

Cost  per  Month               No 

Horse 
power 

Cost  per  Month 

1      v,i 

$8  64                         I 
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$5  52 
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17  98                         I 
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4  32 
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21    59                 .2 
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8  86 
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I                  5 
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I                  5 
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I              !              5 
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I              10 

4  68 

12 
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I                  7'4 

3  96 

5 
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I                  7^ 
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I 

7'i 

15  36 

I                  7 '4 

32  26 

6 

7  24             1         I                  5 

5  72 
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5  64                     I                  T\^ 

5  40 

6 

4  92                     I                  7^ 

2  40 

5 

14  50                     2         1       20 

25  85 

15 

22  94                     I                  71^ 

8  86 
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23  51             .         I                10 

29  16 

T^-i 

5  16                     I         1         4 

9  29 

lO 

8  32 

I 

Vi 

20  16 

8 
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I 

10 

13  15 

15 

20  58                      I 

V/z 

6  27 

lO 

4  So 

.              1 

lo          1 

22  93 

25 

2l8 

$433  37 

25 

1S6 

$255  36 

Averaj^c  cost  per  month  per  passenj;er  elevator,  $17.33. 
Average  cost  per  month  per  horse-power,  Si.()S. 
Average  cost  per  month  per  freight  elevator,  $10.21. 
Average  cost  per  month  per  horse-power,  $1.37. 


An  indication  of  the  enormous  activitv  in  motor 
production  and  use  is  found  in  the  fact  that  during- 
1902  the  (leneral  lillectric  Company  alone  reported 
the  manufacture  of  16,000  stationary  motors,  and  an 
increase  of  40  per  cent  in  electric-motor-drive  applica- 
tions. 

AI»VAN(i:S     IN      KLKCTRIC    IIKATING 

In  discussinir  the  subject  of  electric  heatinp:  with 
central-station  men.  the  remark  is  still  often  heard  that 
the  cost  of  purchase  and  operation  i)laees  it  hevond 
tne    catciiory    of    lary^e  sources    of    income ;    and    ihe 
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private  customer  also  very  often  abstains  from  the 
use  of  such  apparatus  because  of  the  fear  that  it  will 
cost  too  much.  There  is  a  third  party  in  interest,  the 
manufacturer  of  such  apparatus,  who  is  fighting  all 
the  time  for  a  lower  kw-hour  price  ;  and  it  is  obvious 
that  the  lower  the  cost  of  current  the  greater  will  be 
the  public  patronage  extended  to  any  and  every  class 
of  electrical  service  and  appliance.  I  can  well  remem- 
ber that  cost  of  current  was  the  burden  of  complaint 
in  the  early  days  of  the  motor,  but  to-day  every  in- 
telligent manager  is  aiming  to  increase  his  motor  load, 
and  with  concessions  to  the  consumer  that  are  doing 
much  to  build  up  that  class  of  business.  In  the  mean- 
time, many  a  manager  is  having  electric  heat  appli- 
ances put  on  his  circuits  without  knowing  much 
about  it,  so  that  the  public  often  finds  it  convenient 
to  pay  for  temporary  heat  the  price  of  light.  Para- 
doxical as  it  may  sound,  the  crying  demand  is  for 
heat  in  summer,  which  largely  goes  unsatisfied,  and 
will  remain  a  want  until  the  electrical  inventor  and 
manager  have  solved  the  problems  m  a  manner  that 
will  enable  a  woman  to  cook  electrically  as  easily  as 
she  now  throws  a  shawl  over  her  shoulders,  or  permit 
a  man  to  warm  np  his  office  as  promptly  as  he  can 
don  a  light  overcoat. 

At  Somerville,  Mass.,  recently,  the  central-station 
manager,  in  reconstructing,  cut  off  circuits  in  resident 
sections  a  street  at  a  time,  from  day  to  day,  when 
light  would  not  be  required.  His  first  experience  was 
that  he  got  five  complaints  from  one  street.  The 
people  had  no  current — and  they  must  have  it — be- 
cause they  could  not  use  their  flatirons.  Yet  the 
manager  had  not  sold  a  single  flatiron  at  that  time 
and  did  not  have  the  means  of  knowing  that  any 
were    thus    being    operated.     Mr.  James    I.  Aver,  our 
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worthy  past  president,  now  manager  of  the  Simplex 
Electric  Heating  Company,  informs  me  that  he,  also, 
knew  of  no  such  use  specifically  in  Somerville.  In  this 
case  we  have  an  example  of  what  must  be  going  on 
all  over  the  country,  for  Mr.  Ayer  states  that  they 
have  made  and  sold  over  60,000  flatirons,  of  which, 
•in  New  York  alone,  we  have,  by  the  way,  some  5,000. 
What  is  true  of  flatirons  must  be  true  of  other  apph- 
ances,  for  Mr  Ayer  tells  me  that  last  year  alone  they 
disposed  of  about  1,000  chafing  dishes;  and  I  think 
it  stands  to  reason  that  a  great  many  of  these  must 
be  operated  on  central-station  circuits.  Perhaps,  as  I 
have  intimated,  we  are  beginning  to  do  more  collect- 
ively than,  as  individual  stations,  we  imagine  to  be 
the  case.  Seeking  for  information  in  this  respect,  I 
have  learned  from  Mr.  Ayer  that  their  customers' 
index  carries  about  10,000  names,  about  20  to  25  per 
cent  of  which  represent  factories,  hospitals  and  public 
institutions.  Putting  aside  jobbers,  contractors  and 
retail  dealers,  it  is  evident  that  central  stations  are 
proportionately  well  in  evidence  ;  and  in  this  connec- 
tion I  can  only  mention  with  high  praise  the  special 
showroom  demonstration  equipments  fitted  up  by  the 
Boston  Edison  company,  Chicago.  Edison  company. 
New  York  Edison  company,  Hartford  Electric  Light 
Company,  Memphis  Electric  Light  Company  and 
others.  At  Minneapolis  and  St.  Louis,  the  electric- 
lighting  companies  distribute  advertising  matter  in 
relation  to  electric  heating,  furnished  by  a  local  supply 
house  that  maintains  exhibition  rooms. 

It  may  still  seem  to  some  central-station  men  that 
this  is  **  picayune "  business,  but  heating  is  apt  to  run 
up  into  the  consumption  of  large  volumes  of  current ; 
and  there  is  a  growing  inquiry  for  special  work  and 
equipments  through  central  stations.      In  one  instance, 
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the  recent  supply  of  a  r5-kw  heater  for  an  oil  tank 
enabled  the  central  station  to  get  the  motor  business 
also  by  being  able  to  take  care  of  the  other  want. 
Mr.  Ayer  states  that  they  have  installations  of  as 
many  as  50  electric  glue  pots  operated  on  central- 
station  current ;  and  the  number  of  such  pots  is  already 
**way  up"  in  the  thousands.  In  this  respect  also, 
Mr.  Max  Loewenthal,  engineer  of  the  Prometheus 
Electric  Company,  informs  me  of  three  cases  within 
the  month  of  April  where  the  settlement  of  important 
industrial  heating  questions  enabled  the  stations  to 
secure  large  contracts  for  current ;  one  being  a  rubber 
company  using  heat  for  dies;  one  a  paper-box  com- 
pany using  large  glue  pots ;  and  one  a  cigar  factory 
using  electrically-heated  branding  tools. 

All  this  is  encouraging,  but  I  am  free  to  confess  my 
present  dissatisfaction  with  the  slowness  of  development 
in  the  domestic  field  as  compared  with  gains  in  the 
industrial  If  we  assume  hypothetical  cases,  it  would 
seem  that  a  great  deal  more  could  be  done  even  now. 
Under  a  sliding  scale  of  prices,  whatever  current  is 
consumed  for  heating,  cooking  or  laundry  purposes, 
counts  toward  reducing  the  price  for  all  the  current 
used.  It  is  easy  to  see  that  this  tends  at  once  toward 
economy.  In  fact,  it  is  possible,  if  one  takes  an  ex- 
treme case,  almost  to  save  money  by  adding  an  elec- 
tric kitchen  to  the  household.  Let  us  assume  that  a 
flat  contained  16  electric  lamps,  and  that  their  total 
consumption  was  estimated  at  800  watts  an  hour. 
Now  let  us  also  suppose  that  they  actually  consumed 
47  kilowatts  a  month,  which  would  be  just  within  the 
two-hour-a-day  limit,  and  still  subject  them  to  the 
charge  of  15  cents  a  kilowatt.  The  monthly  bill 
would  be  $7.05.  Now,  assume  that  an  electric  kitchen 
has   been    added   which   uses   3,300  watts  a  day.     This 
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would  be  99  kilowatts  a  month.  If  paid  for  at  15 
cents  a  kilowatt,  the  kitchen  alone  would  cost  $14.84 
and  the  whole  bill  for  currrent  would  be  $21.89  ^^^ 
the  month.  As  a  matter  of  fact,  however,  the  total 
consumption  of  current  would  have  amounted  to  146 
kilowatts,  or  more  than  six  times  the  hourly  capacity 
of  the  lighting  mstallation,  and  the  whole  bill  would 
be  at  the  rate  of  five  cents  a  kilowatt.  The  total 
charge  would  then  be  $7.30,  or  a  cost  of  25  cents 
only  a  month  for  the  cooking.  Unless  there  is  some- 
thing very  much  amiss  with  this  calculation  beyond 
my  power  of  detection,  such  figures  involve  a  revolu- 
tion in  domestic  economy  that  we  must  come  to 
sooner  or  later. 

IMPKOVEMKNTS    I\    FUSES 

One  of  the  important  details  of  construction  and 
operation  is  the  fuse,  an  item  upon  which  a  considerable 
amount  of  successful  work  has  been  done  in  this  country. 
It  is  from  England,  however,  that  we  have  recently 
received  the  most  striking  novelty  in  this  class  —  a 
novelty  which  exemplifies  in  a  curious  manner  the 
close,  immediate  effect  that  advances  in  one  field  of 
industry  have  upon  others  totally  dissimilar.  The  de- 
vice here  shown  has  been  in  practical  use  for  some 
time  past  by  one  of  the  large  English  electric  -light 
and  power  companies,  the  London  Electrical  Supply 
Corporation,  and  belongs  in  the  **  Sparklet "  group  of 
inventions. 

As  you  are  probably  all  aware,  sparklets  are  small 
steel  capsules,  about  as  large  as  an  olive,  containing 
liquid  carbonic  acid  gas.  The  necks  are  closed  with 
thin  steel  stoppers,  made  gas-tight  for  a  pressure  of 
600  pounds  per  square  inch,  with  a  thin  rubber  ring. 
They  are  commonly  used    for   the    purpose  of  aerating 


water  in  siphons,  a  simple  attachment  to  the  latter 
enabling  the  user  to  pierce  the  stopper  of  the  sparklet, 
so  as  to  release  the  gas.  They  are  readily  obtained 
in  boxes  of  i  2  from  drug  stores,  etc.,  and  are  inexpen- 
sive. The  sudden  expansion  of  the  carbon  dioxide  as 
it  flashes  into  gas,  produces  a  temperature  in  the 
neighborhood  of  too  Fahrenheit  below  zero.  The  gas 
itself,  by  its  incombustible  nature,  tends  to  extinguish 
flame,  and  at  the  same  time  the  violence  with  which 
it    is    ejected    from    the    sparklet,  :is    though  the  latter 


were  a  small  cannon,  acts  as  a  blow-out  device  of 
the  highest  eflicienc)'.  One  type  of  fuse  is  intended 
for  the  high-pressure  side  of  transformers.  The  body 
is  a  trough  of  earthenware,  with  a  recess  at  each  end 
near  the  terminals.  The  fuse  consists  of  a  number  of 
fine  copper  wires  inclosed  between  strips  of  mica  for 
the  greater  part  of  their  length,  and  exposed  near  the 
ends.  The  fuses  are  made  up  with  metal  terminal 
plates    ready  for   immediate    insertion    into  the  trough. 
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Two  marble  blocks  fit  into  the  recesses  in  the  earthen- 
ware. In  each  of  these  there  is  a  hole  shaped  in 
such  a  way  as  to  receive  the  body  of  a  sparklet,  while 
allowing  its  neck  to  project  slightly  beyond  the  sur- 
face at  the  side  next  to  the  fuse-gap.  When  these 
blocks  are  slipped  into  place  the  sparklets  are  held  in 
position  by  spring  clamps  projecting  from  the  ter- 
minals of  the  fuse  so  as  to  insure  their  connection 
with  the  circuit.  Directly  the  fuse  has  blown,  the  arc 
which  follows  rises,  passes  on  to  the  end  of  one  or 
both  of  the  sparklets,  fuses  the  stopper,  and  releases 
the  gas,  which  extinguishes  the  arc.  The  fuse  operates 
equally  well  whether  blown  by  a  short  circuit  or  by  a 
long-sustained  excess  of  load.  The  length  of  gap  re- 
quired to  deal  with  an  arc  of  10,000  volts  is  only- 
nine  inches.  Two  sparklets  are  used,  one  at  each  end, 
but  this  is  only  for  additional  security,  as  one  always 
suffices,  it  is  said.  The  sparklets  may  be  applied  to 
switches  which  have  to  operate  under  heavy  loads,  and 
are  quite  applicable  to  500-volt  circuits.  The  lighting 
company  has,  in  fact,  employed  them  in  this  way,  the 
sparklet  being  so  placed  that  the  arc  formed  on  opening 
the  switch  opens  the  sparklet.  When  the  system  is 
applied  to  circuit-breakers,  a  magazine  of  the  revolver 
type  is  employed,  by  means  of  which  a  fresh  sparklet 
is  brought  into  position  every  time  the  switch  is  closed. 
The  fuses  for  low-tension  work  are  made  in  several 
standard  sizes  for  currents  up  to  1,000  amperes  and 
pressures  up  to  500  volts  continuous  current. 

VACUUM-TUBE     LIGHTING 

From  the  very  first  demonstrations,  this  association 
has  followed  with  interest  the  development  of  vacuum- 
tube  lighting ;  and  at  the  successful  exhibitions  that 
have    been    held    under    its   auspices   the   best    displays 
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ever  given  in  this  country  have  been  seen.  Our 
transactions  include  the  personal  reports  of  that 
distinguished  pioneer,  Mr.  Nikola  Tesla,  as  to  his  own 
brilliant  studies  in  this  direction,  and  have  also 
embraced  the  data  of  other  able  experimenters  and 
inventors.  Of  late,  attention  has  been  paid  chiefly  to 
the  work  of  two  men,  Mr.  D.  McFarlan  Moore  and 
Mr.  Peter  Cooper  Hewitt.  The  latter  has  worked 
with  mercury-vapor  tubes,  on  direct-current  incandes- 
cent circuits,  and  the  results  have  been  so  favorable 
that  tubes  of  this  type  are  now  in  regular  service  for 
commercial  photographic  work  in  New  York  city. 
Mr.  C.  P.  Steinmetz  has  also  been  working  on  this 
subject  in  improving  the  Arons  mercury  arc  lamp, 
and  has  been  lighting  *his  house  at  Schenectady, 
N.  Y.,  by  mercury  arcs  of  this  character.  The 
ghastly  "  greenery-yallery "  color  of  the  light  is  against 
it,  but  an  efficiency  of  half-a-watt  per  candle-power 
is  not  to  be  despised.  With  respect  to  these  lamps, 
Mr.  Steinmetz  says : 

**  Extended  investigations  showed  that  the  harmful 
physiological  effects  of  light,  as  observed  when 
working  for  a  long  time  with  artificial  illumination, 
are  not  due  to  the  lower  intensity  of  artificial 
illumination  compared  with  daylight,  but  rather  to 
the  red  and  orange  rays  which  predominate  n  the 
artificial  illuminants.  These  harmful  effects  disappear 
by  excluding  the  red  and  orange  rays.  The  mercury 
arc,  therefore,  is  the  only  known  artificial  illuminant 
which  is  perfectly  harmless,  and  thus  especially  suited 
for  use  where  accurate  work  has  to  be  done  by 
artificial  illumination,  as  in  drafting  rooms,  offices, 
factories,  etc.  In  this  respect  it  differs  from  the 
Welsbach  gas  light,  in  which  the  greenish  color  is  due 
to  an  excess  of  green  rays  superposed  upon  an  excess 
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ot   red  and   orange  rays,  and   which,   therefore,  do   not 
have  the  same  harmless  feature. 

**A  strongly  noticeable  feature  of  the  mercury  arc 
is  its  penetrating  power  regarding  distance.  While  the 
intensity  of  radiation  obviously  decreases  for  all  colors 
proportionally  to  the  square  of  the  distance,  the  sensi- 
tivity of  the  eye  with  decreasing  intensity  decreases 
much  faster  for  red  than  for  green  and  blue  rays,  so 
that  the  apparent  physiological  intensity  of  bluish- 
green  light  decreases  w^ith  the  distance  much  slower 
than  that  of  red  light ;  that  is,  of  a  red  and  green 
light  of  equal  intensity  the  red  light  will  appear  much 
more  intense  and  glaring  at  a  short  distance,  while 
the  green  light  will  appear  much  more  intense  at  a 
greater  distance. 

**  For  color  matching,  howev^er,  the  light  of  the 
mercury  arc  is  unsuitable,  as  is  also  that  of  the  gas 
or  kerosene  flame,  only  that  with  the  latter  the  blue 
appears  blackened,  while  with  the  former  the  red  ap- 
pears brown  and  the  blue  retains  its  full  brilliancy. 
The  mercury  gives  especially  brilliant  effects  wherever 
green  is  the  preponderating  color  and  is  thus  best 
suited  for  suburban  street  lighting,  lighting  of  country- 
seats,  greenhouses,  etc.  The  suppression  of  the  red 
color  gives  all  vegetation  an  especially  vivid  and  fresh 
appearance,  and  the  strong  actinic  character  of  the 
light  gives  a  fluorescent  sheen  to  many  substances 
usually  not  recognized  as  fluorescent,  such  as  glass, 
snow,  etc.  For  indoor  illumination  in  private  resi- 
dences the  mercury  arc  is,  owing  to  its  color,  not 
well  suited  except  when  there  is  added  to  it  the  red 
and  orange  rays.  This,  however,  lowers  the  efficiency 
owing  to  the  inherently  lower  efficiency  of  red  and 
orange  light.  The  mercury  arc  can  be  operated  on 
alternating-current    as  well  as  on  direct-current  circuits. 


though    thus    far    must    of    the    development    has    been 
done  in  the  hne  of  direct-current." 

Mr.  Moore's  work  has  also  reached  a  stage  of 
practicality  that  brings  it  well  within  the  purview  of 
this  association.  I  show  herewith  a  picture  of  an 
office  that  he  has  been  lighting  for  some  months  past 
in  New  York  city  with  one  continuous  vacuum  tube 
disposed  around  the  room  like  a  moulding  of  glass. 
The   room   measures    iS    feet   4   inches   by  13   feet   5 


Room  Lit  BV   One  Lonc  Vacuum  Tljbe -(Phoiographed  by  Ihc 
Lighl  of  (he  Tube), 

"inches.  The  ceiling  is  1 1  feet  9  mches  in  height. 
The  walla  of  the  room  are  buff-colored  for  a  distance 
of  7  feet  7  inches  above  the  floor  and  above  that  are 
white.  The  three  doors  and  door  trims  are  white. 
The  floor  is  painted  dark  brown,  with  a  rug  having  a 
dark  brown  and  butf-colored  pattern.  The  vacuum 
light  tube  is  one  and  seven-eighths  inches  in  diameter 
and    is    run    around    the    room    supported    by  six    side 
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brackets  at  a  height  of  9  feet  6  inches  above  the 
floor  and  at  an  average  distance  of  about  13  inches 
out  from  the  wall.  The  total  length  of  the  exposed 
vacuum  tube  is  approximately  55  feet.  The  tube  is 
in  one  continuous  length  and  its  terminals  enter  a 
box  placed  near  the  ceiling,  which  contains  a  special 
high-voltage  transformer,  for  which  current  is  obtained 
from  an  inductor  type  alternator  designed  by  Mr. 
Moore,  direct-connected  to  a  3-hp  direct-current  motor 
run  off  the  local  Edison  220-volt  street  mains  at  175 
r.p.m.  The  alternator  gives  57,600  alternations  per 
minute  or  480  cycles  per  second,  with  a  potential  of 
40  to  50  volts  at  its  terminals. 

The  wires  from  the  alternator  are  led  to  the  special 
transformer,  to  which  the  tube  is  connected,  and 
having  a  ratio  of  i  to  100,  so  that  the  potential 
delivered  to  the  caps  of  the  vacuum  tube  is  approxi- 
mately between  4,000  and  5,000  volts.  The  tube 
shown  around  the  ceiling  is  built  up  from  standard 
lengths  of  about  eight  feet,  which  are  joined  in  situ 
by  simple  and  handy  devices  that  Mr.  Moore  has 
worked  out  for  the  purpose,  so  that  any  length  with 
any  angle  of  bend  can  be  made  and  run  in  a  very- 
few  hours.  As  installed  and  tested  by  a  well-known 
electrical  engineer,  whose  report  I  have  seen,  good 
illumination  is  produced  by  the  tube  with  3.9  watts 
per  candle,  and  brilliant  illumination  with  4.8  watts. 
My  own  observation  of  the  lighting  is  that  it  is  very- 
satisfactory,  the  color  being  pure  and  cheerful  and  the 
diffusion  perfect,  as  in  a  studio  with  proper  north 
exposure  in  bright  sunshine. 

On  the  table  and  sideboards  in  the  room  are  seen 
several  devices,  while  on  the  walls  are  various  signs, 
operated  by  means  of  the  Moore  vacuum-break  vibrator 
and  coil  contained  in  a  nickel-plated   box,    eight  inches 
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high  by  four  and  one-half  inches  in  diameter  over  all. 
These  vibrators  are  connected  directly  to  the  iio-volt 
Edison  street  mains  that  serve  the  office  building,  by 
means  of  the  usual  plug.  The  signs  are  very  pretty  and 
attractive,  and,  it  would  seem,  might  well  be  made 
a  great  advertising  novelty,  as  well  as  a  feature  of 
spectacular  displays  of  a  kindred  character.  It  is  such 
work  as  this  that  makes  me  believe  in  the  imminence 
of  commercial  vacuum-tube  lighting,  toward  which  so 
much  encouraging  effort  is  now  being  directed  by  the 
inventors  above  named  as  well  as  by  others  at  present 
less  conspicuous. 

METHODS   OK    CHARGING     FOR    CURRENT 

From  time  to  time  the  association  h^s  paid  con- 
siderable attention  to  methods  for  charging  for  current, 
and  while  there  remains  a  good  deal  to  be  said  on  the 
subject,  the  discussion  somewhat  lacks  novelty.  It  is 
encouraging  to  note  a  tendency  toward  a  general 
reduction  in  the  price  of  current  throughout  the 
country,  in  spite  of  the  higher  cost  of  fuel.  In  New 
York  city  the  local  Edison  company  has  made,  during 
the  past  year,  the  third  in  a  series  of  reductions, 
bringing  the  maximum  price  of  current  down  from  20 
cents  to  15  cents  per  kw-hour.  This  reduction  is,  in 
many  cases,  as  much  as  25  per  cent  from  former  bills, 
and  will  amount  to  nearly  $400,000.  The  new  scale  . 
was  put  in  force  voluntarily  by  the  company  in 
question. 

As  to  the  **  demand "  system,  its  advocates  remain 
active,  and  an  instance  of  its  vindication  is  afforded  by 
Belfast,  Ireland,  where  certain  influential  consumers  be- 
came dissatisfied  with  it,  and  the  electricity  committee 
asked  the  borough  electrical  engineer,  Mr.  M'Cowen, 
to   report  on   the  subject.     His  report  was  in  favor  of 
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the  Wright  system  and  recommended  its  retention. 
Mr.  M'Cowen  strongly  recommended  refraining  from 
the  contemplated  change  from  the  "demand-indicator" 
to  the  ** flat-rate"  system.  He  gave  statistics  to  prove 
that  the  long-hour  consumer  at  a  low  average  price 
per  unit  brings  more  profit  to  the  undertaking  than 
the  short-hour  consumer  at  a  high  average  price  per 
unit.  The  former  ought,  therefore,  to  be  encouraged 
by  the  retention  of  the  demand  system.  He  showed 
by  diagrams  that  the  same  capital  expenditure  is  re- 
quired to  supply  20  units  at  the  peak  load  as  to  supply 
2,400  units  spread  over  the  whole  24  hours,  and  that 
short-hour  consumers  are  an  actual  loss  to  the  under- 
taking, while  long-hour  users,  paying  the  lowest  price, 
are  the  most  profitable.  He  was  strongly  against  the 
introduction  of  a  general  flat  rate,  but  thought  that 
such  a  movement  for  domestic  purposes  might  be 
worth  consideration,  as  the  maximum  demand  of  pri- 
vate houses  occurs  at  a  later  hour  than  in  the  city. 

Attention  has  recently  been  called  to  the  fact  that 
the  Cleveland  Electric  Illuminating  Company,  of 
Cleveland,  Ohio,  is  charging  for  current  on  what  it 
terms  a  ** two-rate**  system.  This  is  not  the  two-rate 
meter  system  with  which  managers  are  probably- 
familiar,  but  derives  the  name  ** two-rate"  from  the 
fact  that  electrical  energy  is  charged  for  at  one  rate 
until  an  amount  of  electrical  energy  has  been  used 
equivalent  to  burning  all  of  the  '  lamps  a  certain 
number  of  hours.  The  rates  are  12.5  cents  per  kw-hour, 
until  an  amount  of  electrical  energy  has  been  used 
equivalent  to  burning  all  of  the  lamps  connected  to 
the  meter  50  hours  in  each  month.  The  rate  is  five 
cents  per  kw-hour  for  all  energy  used  in  excess  of 
that  amount.  As  in  any  other  meter  system,  the 
customer   pays   for   only  the   actual  amount  of  current 
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used.  This  5ohour-use  rule  simply  specifies  the 
amount  of  electricity  to  be  used  at  the  regular  rate  of 
12.5  cents,  before  the  five-cent  rate  begins  to  apply. 
This  arrangement,  however,  is  somewhat  modified  for 
residence  lighting.  In  making  the  residence  rate,  only 
40  per  cent  of  the  lamps  connected  to  the  meter  are 
counted  as  a  connected  load,  from  which  to  calculate 
the  50  hours'  use  per  lamp,  upon  which  the  two  rate 
system  is  based.  This  is  considered  fair  to  both 
customer  and  company,  because  a  residence  seldom 
has  all  its  lamps  lighted  at  the  same  time.  On  special 
occasions  a  large  number  of  the  lamps  are  lighted 
simultaneously  ;  but  experience  shows  that,  when  such 
is  the  case,  less  than  the  usual  amount  of  light  is 
used  in  several  other  houses ;  and  for  this  reason  only 
40  per  cent  of  the  lamps  connected  to  the  meter  are 
reckoned  as  connected  load  in  making  the  meter  rate. 
Further  than  this,  lamps  connected  in  closets,  servants* 
quarters,  attic  and  basement,  are  left  out  of  the 
residence  count. 

In  making  up  the  residence  rating,  a  card  is  used, 
on  which  are  marked  the  lamps  affecting  the  residence 
rating,  and  the  lamps,  heating  pads,  flat-iron  heating, 
etc.,  which  do  not  affect  the  rating.  Mr.  S.  Scovil, 
the  well-known  vice-president  of  the  company,  has 
given  the  question  of  rates  much  thought,  and  has  sonie 
clear  and  forcible  ways  of  presenting  the  justice  of  a 
system  of  rates  where  the  investment  and  readiness  to 
serve  charges  are  properly  taken  care  of.  In  regard 
to  this  method,  it  is  worth  while  to  quote  Mr.  Scovil, 
who  says :  **  The  system  of  billing  for  current  accord- 
ing to  the  lamps  connected,  as  is  done  by  the 
Cleveland  company,  requires  an  inspection  department, 
which  is  a  source  of  some  expense.  In  business 
places   this   inspection   has   to  be   thorough,  and  made 
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at  no  infrequent  intervals.  In  residences,  however,  we 
find  that,  after  the  lamps  have  once  been  installed,  it  is 
but  seldom  that  any  changes  occur  in  the  installation,  so 
that  there  is  little  or  no  inspection  required  in  the 
residence  part  of  the  business.  If  a  residence  makes 
any  material  change  in  the  lights  installed  in  it,  the 
attention  of  the  meter  reader  is  likely  to  be  called  to 
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Cleveland  Method  for  Charging  for  Current. 


the  fact  when  making  his  rounds,  or  the  accounting 
department  may  have  its  attention  called  to  it  because 
of  the  increased  use  of  current.  We  were  led  to 
adopt  this  differential  rating  system  for  residences 
partly  because  of  the  desire  to  avoid  the  investment 
in  demand  meters,  but  more  particularly  because  of 
the  fact    that  we  did  not  vv^ant  to  take  upon   ourselves 
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the  additional  onus  of  continually  verifying  the  correct- 
ness of  any  measuring  instrument  other  than  the 
wattmeter.  One  such  instrument  is  quite  sufficient. 
It  may  be  interesting  to  know  that  the  result  of 
our  method  of  rating  is  that  we  find  the  total 
demand,  as  arrived  at  by  the  system,  is  equivalent  to 
28  per  cent  of  all  the  lamps  connected  in  residences. 
When  we  compiled  it,  our  idea  was  to  take  about 
thirty  per  cent  of  all  the  lamps  connected  in  a 
residence. 

**  An  objection  raised  by  some  to  the  lamps  that  are 
connected  being  used  as  a  basis  for  arriving  at  the 
amount  of  current  to  be  charged  for  at  the  higher 
rate,  is  that  it  prevents  the  installation  of  as  many 
lamps  as  would  otherwise  be  wired  up.  It  does  have 
that  effect,  and  this  may  result  in  some  loss  in  gross 
revenue ;  but  our  experience  is  that  some  check  upon 
the  installation  of  lamps  is  not  altogether  a  bad  thing. 
How  often  it  happens  that  a  party,  arranging  for  the 
use  of  electricity,  wires  up  his  place  profusely  and 
after  he  gets  his  first  bill  realizes  that  he  can  not 
afford  to  use  all  his  lamps,  and  then  proceeds  to  vent 
his  disappointment  on  the  company,  and,  in  disgust, 
not  infrequently  resorts  to  gas ;  or,  if  he  continues  to 
use  electricity,  cuts  out  part  of  his  installation  or  uses 
such  part  only  on  special  occasions — and  special-occa- 
sion lamps  mean  a  direct  loss  to  the  supplying 
company.* 

Most  of  the  members  of  the  association  are  aware 
that  the  nickel-in-the-slot  plan  has  invaded  their  art. 
Its  most  recent  exponent  is  the  prepayment  meter  in- 
troduced by  the  General  Electric  Company,  the  de- 
vice being  mechanically  independent  but  electrically 
connected  with  a  wattmeter.  The  prepayment  device 
consists  of   a   registering  wheel   disconnected  from   the 


handle,  but  which  can    be   connected    by  the    introdu 
lion    into    the    receiving    slot   of   a    coin  of    proper 
nomination.     When  thus  connected,  the  handle  can  I 
thrown    so    as   to    set    the    registering    wheel    of 
prepayment    mechanism     forward    one    notch.     If    tfi 
circuit     is     open     when     a     coin     is      deposited, 
same    motion    of    the    handle    which    sets    forward    tB 


registering    wheel    closes    the    circuit    switch    contain^ 
within    the    case    of    the    device.       A    portion    of    tlf 
registering  wheel  is  visible    through    the    glass  in  froi 
of   the    cover,    and    plain    figures    on    the    rim    of 
wheel  indicate  the    number    of    coins   remaining  to  1 
credit    of     the     depositor.       When     the    first    coin 
deposited    and  the    handle    is   moved    closing  the    mai 
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switch,  the  figure  **  i  "  is  brought  to  view.  If  a 
second  coin  be  deposited  before  the  current  purchased 
with  the  first  coin  has  been  consumed,  a  second 
motion  of  the  handle  will  bring  the  figure  **  2 "  into 
view.  Twenty  coins  can  be  thus  deposited  consecu- 
tively, and,  as  the  device  is  designed  for  dimes,  prepay- 
ment can  be  made  for  $2.00  worth  of  electrical  energy 
at  one  time,  after  which  the  slot  is  automatically 
closed  and  further  prepayment  can  not  be  made  until 
the  value  of  one  or  more  coins  has  been  consumed. 

Whenever  10  cents'  worth  of  energy  has  been 
delivered  through  the  meter,  a  small  amount  of  current 
is  momentarily  sent  through  the  electromagnetic 
mechanism  of  the  prepayment  device  which  turns  the 
.wheel  back  one  number.  This  process  continues  until 
all  the  energy  for  which  prepayment  has  been  made 
has  been  delivered,  and  the  customer  can  ascertain  at 
any  time  how  much  energy  can  be  obtained  without 
further  prepayment,  by  looking  through  the  glass 
window  of  the  device.  When  all  the  energy  has  been 
delivered,  the  registering  wheel  moves  back  to  the  first 
notch,  and  opens  the  switch,  so  that  no  more  current 
can  be  obtained  until  further  prepayment  has  been 
made.  The  indicating  mechanism  shows  -only  the 
number  of  coins  that  stand  to  the  credit  of  the  de- 
positor, but  the  dial  of  the  meter  may  be  consulted  to 
determine  what  fractional  part  of  the  value  to  be 
cancelled  next  is  credited.  The  dial  of  the  meter 
always  indicates  the  amount  of  energy  delivered,  and 
thus  serves  to  check  the  indications  of  the  prepayment 
device.  The  use  of  a  dial  both  on  the  prepayment 
device  and  on  the  meter  is  an  important  feature,  since 
it  serves  to  show  at  once  any  discrepancy  between  the 
record  of  the  meter  dial  and  the  number  of  coins 
deposited  in  the  receiver.       Every   precaution  has  been 
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taken  to  guard  against  cheating.  A  coin  or  washer 
larger  than  the  coin  for  which  the  device  is  designed 
can  not  be  introduced  into  the  receiving  slot,  and  a 
smaller  one  will  not  operate  the  device.  A  coin 
having  a  thread  or  wire  attached  passes  through  the 
mechanism  and  unlocks  it,  but  the  motion  of  the 
actuating  handle  cuts  off  the  thread  or  wire  so  that 
the  coin  passes  into  the  receiving  box  and  can  not  be 
withdrawn,  and  the  intended  fraud  is  detected  when 
the  coin  receptacle  is  opened.  The  coin  receptacle  is 
detachable  and  may  be  sealed  at  the  company's  office, 
and  the  collector  entrusted  with  simply  removing  it 
and  replacing  it  with  an  empty  one.  It  would  be 
interesting  to  get  on  record  the  experience  of  Ameri- 
can managers  in  handling  a  prepayment  system. 

A  type  of  demand  meter  taken  up  recently  in  this 
country  is  that  of  Mr.  E.  B.  Schattner,  of  England. 
It  is  extremely  simple  in  construction  and  consists 
essentially '  of  a  metallic  frame  pivoted  at  the  centre, 
and  carrying  at  one  end  a  cylindrical  iron  core  enter- 
ing a  solenoid,  and  at  the  other  end  a  glass  tube  and 
scale.  One  part  of  the  glass  tube  is  bent  to  the  arc 
of  a  circle  concentric  with  the  pivot  of  the  frame. 
The  tube  contains  a  number  of  steel  balls,  and  is 
filled  with  glycerine  or  oil.  When  current  is  passing, 
the  core  is  sucked  into  the  solenoid,  and  the  frame  is 
tilted  to  the  right  of  its  pivot.  Any  balls  to  the 
right  of  the  highest  point  of  the  curved  portion  of 
the  tube  then  slowly  slide  down  and  pass  around  the 
bend  into  the  lower  limb  of  the  tube,  where  they 
remain.  If  at  any  time  the  frame  is  tilted  by  the 
solenoid  still  further  to  the  right,  one  or  more 
additional  balls  will  be  caused  to  descend  into  the 
tube.  Consequently,  when  the  meter  is  to  be  read,  it 
is    merely   necessary   to    count   the    balls    contained    in 
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this  tube  in  order  to  determine  the  maximum  current 
that  flowed  in  the  period  since  the  meter  was  last  set. 

The  tube  is  filled  with  oil  or  glycerine,  the 
viscosity  of  which  determines  the  speed  at  which  a 
ball  passes  through  the  curved  portion  of  the  tube. 
A  time  element  is  thus  introduced  which  prevents  a 
ball  descending  into  the  lower  limb  if  the  higher 
current  is  merely  momentary.  According  to  the 
viscosity  of  the  oil  chosen,  this  leeway  may  vary  from 
less  than  a  minute  to  ten  or  more,  and  the  time 
element  may  be  made  still  larger  by  the  use  of 
glycerine  as  the  fluid  in  the  tube.  Changes  in  the 
temperature  of  the  fluid  merely  act  to  change  this 
time  element,  in  the  selection  of  which  there  is  con- 
siderable latitude.  The  balls,  which  are  of  steel  and 
highly  polished,  are  of  the  same  type  as  those  used  in 
bicycle  bearings. 

The  upper  part  of  the  sector  carrying  the  tube  is 
graduated,  and  in  reading  tlie  sector  is  moved  so  that 
the  end  of  the  line  of  the  balls  remaining  in  the 
curved  tube  comes  below  a  point  projecting  down 
from  the  case,  when  the  maximum  amperes  that  had 
passed  in  the  circuit  can  be  read  off  on  the  scale. 

The  tube  is  supported  in  the  sector  by  three  light 
wire  clips.  To  reset,  the  tube  is  removed  and  tilted 
until  all  the  balls  are  returned  to  the  curved  portion, 
when  it  is  reclipped  in  the  frame.  The  coils  of  the 
solenoid  are  so  wound  as  to  give  as  nearly  as  possible 
a  uniform  pull,  and  the  range  of  the  pull  is  such  that 
one  ball  goes  down  for  every  quarter  of  an  ampere 
in  the  middle  of  the  scale,  and  for  every  half  ampere 
on  the  remainder  of  the  scale.  To  set  the  scale  to 
zero,  there  is  an  adjustable  weight  on  an  arm  pro- 
jecting from  the  pivoted  frame. 
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DEVELOPMENT    OK    NERNST    LIGHTING 

I  am  sure  that  few  new  departures  in  the  lighting 
art  have  been  watched  with  more  interest  than  the 
introduction  of  the  Nernst  lamp,  the  general  elements 
and  features  of  which  are  nov7  so  well  known  to 
members  as  to  need  no  comment.  At  the  worst,  we 
have  in  this  lamp  a  valuable  addition  to  our  resources 
in  subduing  the  whole  domain  of  lighting;  at  the 
best,  we  have  a  device  which  has  apparently  advan- 
tages over  some  earlier  methods  in  certain  respects, 
and  which  rounds  out  the  central-station  efficiency. 
In  view  of  the  criticism  leveled  at  the  lamp  from 
some  quarters  as  to  its  economy,  I  have  been  sur- 
prised at  its  rapid  advance,  for  there  could  be  no  more 
eloquent  testimony  as  to  its  meeting  a  want  than  the 
fact  that  it  has  already,  within  little  more  than  a  year, 
been  adopted  by  upwards  of  i,ooo  central  stations  and 
isolated  plants  in  this  country. 

The  adoption  by  central  stations  of  Nernst  lamps 
is  gradually  being  pursued  in  the  same  manner  as  with 
the  incandescent  lamp,  that  is,  on  the  free-renewal 
system.  The  general  result  stated  by  Mr.  Dunham  of 
Hartford,  Conn.,  who  has  4,000  Nernst  lamps,  is  that 
he  can  produce  the  same  illumination  at  a  general  cost 
of  less  than  one-half  that  of  incandescent  lamps,  every- 
thing considered,  on  account  of  the  lesser  consumption 
of  energy  necessary  with  the  same  central-station 
rcjuipment.  Some  of  the  larger  installations  for  street 
lighting  are  at  Hartford,  Conn.;  Unionville,  Conn.; 
f^ousc*s  Point,  N.  Y.;  Annville  and  Sewickley,  Pa.; 
Lincoln,  Neb.;  Madison,  Wis.,  and  Salt  Lake  City, 
L'tah.  In  some  cases  it  is  the  six-glower  lamp  that  is 
being  used  for  this  purpose,  comparing  in  energy  and 
light  with  the  ordinary  5.5-ampere  inclosed-arc  lamp. 
In   other  cases,   it  is  the  three-glower,  and  quite  often 
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the  single-glower  is  used.  The  latter  is  especially  well 
adapted,  as  it  gives  a  candle-power  of  50  with  less 
than    100  watts'  consumption. 

Another  installation  is  on  the  college  grounds  at 
the  city  of  Mechanicsburg,  Pa.,  which  is  operated  by 
the  Cumberland  Light,  Heat  and  Power  Company. 
The  lamp  is  being  extensively  used  in  shops  and 
factories,  halls,  lobbies,  office  buildings  and  the  like, 
such  as  the  Riter-Conley  Manufacturing  Company, 
Leetsdale,  Pa.;  the  Lunkenheimer  Company,  Cincin- 
nati ;  the  various  shops  of  the  Westinghouse  interests, 
viz..  Air  Brake,  Electric  and  Foundry ;  the  Wellman- 
Seaver-Morgan  Engineering  Company ;  the  Deering 
Division  of  the  International  Harvester  Company ; 
Deere  and  Company,  Moline,  111. ;  Williams,  White 
and  Company ;  the  Atlas  Tack  Company,  Fair  Haven, 
Mass.,  and  Swift  and  Company,  Fort  Worth,  Texas. 
It  is  quite  extensively  used  in  the  yards  of  Armour 
and  Company,  Swift  and  Company,  and  the  Union 
Stock  Yards  at  Chicago. 

For  office  work  and  drafting  it  is  being  found 
specially  well  adapted  on  account  of  the  uniformity  of 
quality  and  the  absolute  steadiness  of  light.  The 
drafting  rooms  of  the  Union  Station  of  the  Pennsyl- 
vania Railroad,  at  Pittsburgh,  are  completely  equipped 
with  Nernst  lamps.  The  Farmers'  Bank  Building  in 
the  same  city,  which  is  the  third  largest  structure  of 
its  kind  in  America,  has  two  or  three  thousand  lamps, 
and  this  plant  has  been  illustrated  and  described  in  the 
technical  press.  The  John  Hartness  Brown  Depart- 
ment Store  in  Cleveland,  O.,  which  is  the  latest 
big  store  in  that  line,  will  be  entirely  equipped  with 
Nernst  lamps.  Among  special  installations,  there 
might  be  mentioned  those  of  Bamum  and  Bailey  and 
Ringling  Brothers'  Circus,  where  a  special   and  unique 
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traveling  plant  has  been  devised  for  the  illumination 
of  the  vast  marquee  or  arena  tent  in  which  perform- 
ances are  given. 

Mr.  Calvin  W.  Rice,  second  vice-president  of  the 
Nernst  Lamp  Company,  states  that  when  compared 
with  the  carbon  incandescent  lamp,  the  same  light- 
giving  power  can  replace  clusters  of  incandescent 
lamps,  and  including  the  cost  of  maintenance,  trim- 
ming, energy,  etc.,  it  can  effect  a  saving  of  from  30 
to  50  per  cent.  Of  course,  the  question  is  a  different 
one  when  we  come  to  consider  the  demand  for  the 
smaller  unit  incandescent  lamp  of  ordinary  16  candle- 
power. 

OSMIUM    INCANDESCENT    LAMPS 

There  has  been  some  inquiry  during  the  year  as  to 
the  osmium  lamps,  which,  as  members  will  remember, 
are  of  the  Nernst  type.  So  far  as  known,  there  are 
none  at  present  in  commercial  use  in  this  country. 
In  the  foreign  journals,  the  following  method  of 
Deville  and  Debray  for  making  the  osmium  wire  is 
described.  It  is  based  upon  the  observation  that  if 
osmium  vapors  are  sent  through  a  tube  of  clay,  the 
inner  side  of  which  is  coated  with  an  adherent  layer  of 
carbon,  the  tube  being  heated  to  incandescence,  then 
osmium  is  deposited  and  replaces  the  carbon,  i.  e.^ 
the  carbon  layer  is  changed  into  an  osmium  layer.  By 
this  method  there  is  only  a  very  small  loss  of  osmium. 
For  making  osmium  wires,  carbon  threads  are  placed  in 
a  case  of  clay;  the  air  is  driven  out  by  means  of  nitrogen, 
and  osmium  oxide  is  introduced  either  in  solid  form 
or  by  means  of  a  current  of  inert  gas  (nitrogen). 
The  case  is  then  heated  to  a  high  temperature,  causing 
the  carbon  threads  to  change  gradually  into  osmium 
threads,  the  change  taking  place  in  the  direction  from 
the  outside  to  the  centre.     Very   thin   osmium  threads 
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can  be  made  in  this  way,  which  is  of  importance,  as 
it  facilitates  making  lamps  for  the  higher  voltages. 
Another  solution  of  the  problem  of  making  osmium 
filaments  for  normal  voltage,  and  of  such  a  rigidity^ 
that  the  incandescent  filament  does  not  change  its 
form,  is  due  to  Dr.  Auer  von  Welsbach,  who  uses 
the  osmium  wire  in  the  form  of  a  spiral  of  fine  wire, 
consisting  of  windings  of  only  a  few  millimeters.  This 
spiral  is  supported  and  held  in  its  form  by  means  of 
a  thread  of  mixtures  of  refractory  oxides.  The  osmium 
wire  is  made  by  preparing  a  paste  of  osmium  and 
certain  other  materials,  and  forcing  it  through  a  die. 
Single  windings  of  this  spiral  of  fine  osmium  wire  may 
be  in  direct  contact  without  diminishing  the  incandes- 
cence of  this  winding. 

A  test  was  reported  last  December  from  Germany 
of  some  osmium  lamps,  with  globes  like  those  of  the 
ordinary  carbon  incandescent  lamps.  Nine  osmium 
lamps  of  37  volts  and  25  candle-power  were  tried, 
three  in  series  at  no  volts,  for  300  hours;  but  the 
lamps  were  still  in  good  condition  after  this  time. 
The  makers  state  the  life  to  be  500  hours.  During 
the  tests  the  lamps  were  burning  for  10  hours,  and 
then  disconnected  for  one  hour,  and  so  on.  The 
different  lamps  gave  about  the  same  results;  in  one  of 
them  the  candle-power  decreased  from  23  to  17.5,  the 
current  consumption  in  watts  per  candle  increased 
from  1.53  to  1.97,  while  the  average  value  of  all  tests 
for  the  300  hours  is  1.65  watts  per  candle.  A  com- 
parative table  gives  the  behavior  of  the  ordinary 
carbon  filament  incandescent  lamp,  the  Nemst  lamp 
and  the  osmium  lamp.  The  watts  per  candle  are 
3.20,  2.05  and  1.65  respectively.  The  first  cost  is 
nine,  50  and  125  cents  respectively;  if  the  price  per 
kw-hour    is    16    cents,    the    average    total    cost    of    a 
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candle-hour  is  0.0005,  0.00035  ^"^  0.00045  cents 
respectively.  This  would  indicate  that  the  osmium 
lamp  is  economically  superior  to  the  ordinary  carbon 
filament  incandescent  lamp,  while  it  is  still  inferior 
to  the  Nemst  lamp ;  but,  of  course,  there  are  a  num- 
ber of  other  qualities  and  conditions  to  be  taken  into 
account.  Mr.  W.  J.  Hammer  gives  an  excellent  ac- 
count  of  the  general  subject  in  his  recent  Franklin 
Institute  lecture. 

DIFFUSION    OF    LIGHT    FROM    ARC    LAMPS 

An  interesting  lecture  at  the  last  meeting  of  the 
Northwestern  Electrical  Association,  by  Mr.  W.  D. 
Ryan,  of  the  General  Electric  Company,  dealing  with 
modern  illumination,  described  the  form  of  concentric- 
light  diffuser  that  he  has  worked  out  for  the  improve- 
ment of  arc  lighting  by  cutting  down  the  sharp  con- 
trasts of  light  and  shadow  and  spreading  the  light 
equally  in  all  directions,  thus  resembling  in  its 
functions  the  holophane  globe  as  applied  to  the  incan- 
descent lamp.  The  apparatus  consists  of  a  metal  dif- 
fuser attached  to  the  lamp  casing  like  an  ordinary  shade 
reflector.  In  place  of  the  outer  globe  a  screening 
shade  is  used  which  subdues  the  light  directly  under 
the  lamp,  while  the  upper  portion  of  the  shade  is  so 
shaped  that  much  of  the  light  strikes  it  beyond  the 
critical  angle  and  is  then  thrown  to  the  diffuser  and 
added  to  the  direct  rays,  which  naturally  go  upward. 
From  the  diffuser  the  rays  are  distributed,  producing 
a  white,  steady,  even  light,  pleasing  and  easy  to  the 
eyes,  well  adapted  to  the  matching  of  colors,  and 
independent  of  the  nature  or  color  of  the  ceiling. 
The  diffuser  is  so  arranged  that  the  distribution  of  the 
light  can  be  changed  or  **  turned  "  without  moving  the 
lamp,  as,  for  example,  over  looms  or  machine  tools.    Mr. 
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Ryan  mentioned  the  case  of  Wanamaker's  store  where 
live  arcs  and  105  incandescents  were  in  use  in  a  certain 
section.  They  took  out  100  of  the  incandescents  and 
replaced  them  with  five  arcs  with  diffusers,  using  no 
more  current  but  getting  much  better  light,  as  well  as 
a  uniform  light  all  of  one  color,  instead  of  mixed 
lighting.  He  also  instanced  a  shipyard  with  diflfuser 
lights  60  feet  apart  and  150  feet  high — something  like 
the  old  tower  lighting — where  the  effect  was  like  day, 
and  for  the  first  time  the  new  ships  were  so  lighted 
that  the  men  could  work  safely  around  them  at  night. 
He  gave  the  following  interesting  table  relating  to  the 
desirable  allowance  of  . 


WATTS*  PER  SQUARE  FOOT  FOR  HIGH-CLASS  ARC  LIGHTING 


BUILDING 


Machine  shops,  high  roofs,  electrically  driven  machinery, 

no  belts 

Machine  shops,  low  roofs,  belts  and  other  obstructions. 

Hardware  and  shoe  stores 

Department  stores,  light  material,  bric-a-brac,  etc 

Department  stores,  colored  material 

Mill  lighting,  plain  white  goods 

Mill  lighting,  colored  goods,  high  looms 

General  office,  no  incandescents 

Drafting  rooms 

*  Bnergy  based  on  watts  at  lamp  terminals. 


Aver- 
aire 
Con- 
ditions 

.75 

I 

.75 

I 

1.25 
I.I 

1.3 
1.5 
1-75 

Ranipe  of 
Variation 


.5     to  I 

.75  to  1.25 

.5    to  I 

.75  to  1.25 
I         to  1.5 

.9  to  1.3 
I.I  to  1.5 
1.25  to  1.75 

1.5     to   2 


A    STREET    ELECTROLIER    COMPETITION 

The  artistic  improvement  of  the  posts  and  stand- 
ards employed  to  carry  arc  lamps,  or  clusters  of  incan- 
descent lamps,  has  not  escaped  the  consideration  of 
this  body,  but  so  far  as  I  am  aware  it  has  never 
made  any  direct  efforts  in  the  field  of  utilitarian 
astheticism.  In  the  meantime,  the  Municipal  Art 
Society  of  New  York  city  organized  last  year  a 
competition    for    the    design    of    an    electrolier   to    be 


64 

combined  with  an  **isle  of  safety,"  at  the  junction  of 
Fifth  avenue  and  west  side  of  Twenty-third  street,  the 
electrolier  when  completed  to  be  presented  by  the 
society  to  the  city.  The  aim  of  this  organization  is, 
in  this  specific  case,  to  obtain  a  simple  and  beautiful 
street  fixture  which  may  serve  as  an  example  for 
future  work ;  to  help  to  divide  the  traffic ;  to  furnish 
a  place  of  safety  for  foot  passengers  in  passing  the 
wide  and  crowded  avenue,  and  to  afford  a  place  not 
only  for  the  lamps,  but  for  street  signs.  The  compe- 
tition was  open  to  artists  without  distinction  of 
age  or  sex,  and  the  jury  consisted  of  15  members, 
including  ten  architects,  painters  and  sculptors,  and 
five  laymen.  The  first  prize  was  a  commission  to 
execute  the  necessary  full-sized  drawings  and  such 
modeled  details  as  would  be  required  for  the  execu- 
tion of  the  proposed  work,  for  a  sum  of  $500.  The 
second  prize  was  $100,  and  the  third  prize,  $50. 

The  regulations  required  that  the  designs  submitted 
should  not  call  for  an  expenditure  of  more  than 
$1,500  for  the  final  and  complete  execution  of  the 
electrolier.  A  space  not  larger  than  three  feet  by  20 
feet  was  given  as  the  size  of  the  isle  of  safety,  upon 
which  the  electrolier  would  be  set  up.  Drawings 
and  models  submitted  were  required  to  be  on  the 
scale  of  1.5  inches  to  the  foot,  and  competitors  could 
submit  a  drawing  or  a  model,  or  both,  the  models 
being  in  wax  or  plaster.  It  was  provided  that  com- 
I>etitive  material  should  be  sent  in  by  June  14,  and 
that  the  jury  should  render  its  decision  within  two 
weeks  of  that  date.  The  competition  thus  undertaken 
by  the  society  proved  very  successful,  and  no  fewer 
than  forty-five  drawings  and  models  were  submitted. 
Four  awards  were  made  and  I  show  these  here.  The 
successful   competitor   is   required    by  the   rules  of  the 
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tion  is  brought  out  in  Figure  2,  which  is  a  diagram 
of  the  circuits.  Nos.  i.  2  and  3  are  the  circuits  of 
a  Y-wound  three-phase  generator,  i.  e.,  the  leads 
connecting  to  the  corresponding  electrodes  i,  2  and 
3  in  the  static  converter,  and  brought  as  shown  to 
I  he  neutral  point  of  the  Y-winding.  The  converter 
is  started  up  by  throwing  for  a  short  time  on  to  the 
fourth  electrode,  not  shown  connected,  the  current 
from  a  small  choke  or  kicking  coil.  A  higher 
voltage  than  the  normal  running  voltage  is  usually 
required  to  set  the  tube  in  operation,  and  this  is 
given  for  a  brief  period  as  in  the  Hewitt  mercury- 
vapor  tubes.  Soon  after  the  converter  gets  going  it 
attains  a  normal  temperature  at  which  it  appears  able 
to  operate  indefinitely.  There  is  a  drop  of  about 
fourteen  volts  across  the  tube,  and  the  amount  of 
heat  to  be  dissipated  is  a  direct  function  of  that  drop ; 
so  that  the  dimensions  of  a  converter  may  be  deter- 
mined to  take  care  of  the  heat  due  to  any  given 
maximum  load.  This  drop  in  voltage  between  the 
upper  and  lower  electrodes  is  approximately  constant 
at  all  loads,  but  it  is  said  that  experiments  indicate 
the  possibility  of  cutting  the  14  volts  down  to  about 
six.  The  converter  illustrated,  and  which  I  have 
myself  seen  in  operation  at  various  times,  has  been 
utilized  at  as  high  a  pressure  as  1,800  volts.  This 
meant  an  efficiency  of  99  per  cent ;  while  at  600 
volts  the  efficiency  would  be  about  ninety-five  per 
cent.  The  voltage  delivered  to  the  working  circuit 
is  constant,  whatever  the  load ;  and  it  is  believed  that 
the  present  range  up  to  3,000  volts  can  be  raised 
to  10,000. 

It  is  obvious  that  with  more  than  three  phases,  the 
working  electromotive  force  would  have  less  difference 
between  its  minimum  and  maximum  values ;   in  other 
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words,  it  would  more  nearly  approach  a  continuous 
current  in  character  and  smoothness.  In  watching  the 
converter,  the  electric-valve  action  of  the  electrodes  in 
suppressing  a  portion  of  the  alternating-current  wave 
is  beautifully  visible  at  a  low  frequency.  The  impulses 
from  the  several  upper  to  the  lower  electrode  can  be 
followed  and  virtually  counted  by  observation  of  the 
curious  gyratory  streams  of  mercury  vapor.  The 
mass  of  mercury  forming  the  lower  electrode  has  a 
motion  of  rotation  the  angular  velocity  of  which 
varies  with  the  frequency. 

It  would  seem  that  whatever  an  ordinary  rotary 
converter  can  do,  this  Hewitt  static  converter  could 
do  also ;  and  it  is  to  be  borne  in  mind  that  a  pulsa- 
tory current  is  regarded  as  best  in  storage-battery 
work.  Incidentally,  it  is  worthy  of  mention  that  a 
further  advance  of  the  principle  has  been  made  in  its 
application  to  wireless  telegraphy,  a  mercury-vapor 
tube  taking  the  place  of  the  spark-gap  of  the  oscilla- 
ting circuit  at  the  transmitting  end.  The  transformer 
secondary  voltage  may  range  between  10,000  and 
20,000  volts.  The  fundamental  advantage  of  this 
interrupter  is  the  enormous  speed  of  interruption  that 
may  be  attained,  and  the  absolute  control  of  this 
speed.  Moreover,  by  proper  design  and  adjustment, 
any  given  rate  of  interruption  can  be  secured.  With 
the  disruptive  spark  there  is  a  limit  to  the  efficient 
rate  of  interruption  fixed  by  the  time  required  for  the 
condenser  to  clear  itself,  and  this  rate,  as  well  as  the 
total  effect,  is  variable,  owing  to  the  mobility  of  the 
arc,  the  condition  of  the  knobs  with  respect  to  polish, 
etc.  This  latter  consideration  does  not  apply  to  the 
mercury  electrode  surface,  and  the  vacuum  discharge 
is  not  subject   to   similar  fluctuations.     It  follows  that 

with    this    new   type    of    interrupter    it    is   possible    to 
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create  and  maintain  continuously  oscillations  of  an 
absolutely  definite  character,  the  great  importance  of 
which  consideration  with  respect  to  wireless  telegraphy 
is  obvious. 

CHEAPER  PRODUCTION  OF  CURRENT 

Much  that  has  been  said  in  preceding  sections  of 
this  report  deals  with  higher  efficiency  and  economy 
of  apparatus,  and  lower  cost  of  current ;  so  that  ulti- 
mately we  get  back  to  the  central  station  itself,  and 
the  desirability  of  improving  methods  and  machinery 
there.  The  chief  item  of  interest  in  central-station 
operation  at  the  present  time  is  the  rapid  advance  of 
the  steam  turbine  to  the  stage  at  which  it  becomes 
a  formidable  rival  to  the  reciprocating  steam  engine. 
I  am  glad  to  note  by  the  programme  that  this  sub- 
ject is  to  be  duly  taken  up,  so  that  much  will  not 
be  needed  from  me  in  regard  to  it.  A  larger  use  is 
being  made  of  our  water  powers,  with  cheap  current 
as  the  result ;  and  we  are  promised  larger  gas  engines 
for  dynamo  driving  run  on  producer  gas ;  but  steam 
remains  the  main  dependence  of  our  industry  as  a 
prime  mover.  Hence  the  encouragement  afforded  by 
economies  due  to  improvements  in  condensing,  by 
higher  boiler  pressures,  by  the  use  of  superheated 
steam,  by  better  steam  piping,  by  automatic  handling 
of  coal  and  ashes.  Incidental  to  this  has  come  a 
virtual  crisis  in  the  creation  of  huge  steam  stations, 
so  that  we  find  competent,  thoughtful  men  actually 
discussing  the  advisability  of  building  smaller  plants, 
or  of  dividing  the  big  plant  into  a  series  of  cellular 
plants,  each  of  which  is  virtual  unity.  To  such  an 
extent  has  the  drift  of  opinion  gone,  we  must  note 
that  the  American  Institute  of  Electrical  Engineers 
has  l)ccn  debating  seriously  the  topic  of  the  economi- 
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cal  and  safe  limit  to  the  size  of  central  stations. 
There  seems  little  doubt  that  while  there  is  a  tend- 
ency for  several  small  stations  to  come  together,  at 
least  under  one  management,  there  is  on  the  part  of 
the  larger  stations  a  tendency  to  stop  in  the  recent 
popular  plan  of  feeding  out  to  huge  sub-stations  and 
to  let  those  sub-stations  become  more  generally 
autonomous  for  their  respective  areas,  and  themselves 
generators  of  the  current  there  needed ;  although  all 
tied  with  the  common  network. 

Certainly,  this  is  no  time  of  finality  in  central- 
station  design  and  construction,  and,  as  a  new  element, 
the  steam  turbine  may  do  much  to  readjust  the  con- 
ditions if  it  can  support  all  that  is  claimed  for  it 
Incidental  to  the  discussion  which  will  doubtless  arise 
over  the  subject  here,  I  am  sure  it  will  be  of  inter- 
est to  members  to  see  the  accompanying  comparative 
data,  compiled  by  Mr.  H.  A.  Lardner,  for  the  Insti- 
tute meeting  just  mentioned,  as  to  steam  turbines 
and  reciprocating  engines. 

CURTIS  VERTICAL  TURBINES  AND  GENERATORS 


Size 

Height 

Diameter 

Floor  Space 

iv.P.M. 

500  kw 
1.500    •* 
3.0CO    '* 
5.000    ** 

12'    2' 
16'  10' 
22' 

27' 

7'     8' 
10' 

14' 
14'  10' 

46.2  sq.  ft. 

78.5       " 
154.          " 
175.          " 

1,800 
900 
600 
500 

WESTINGHOUSE-PARSONS     HORIZONTAL    TURBINES    AND 

GENERATORS 


Size 

Height 

Dimeniioni 

Floor  Space 

400  kw 
1,000    '* 
5.500    •* 

7'   6' 
8' 

15' 

19' X    5' 
43' X    8' 
50'  X  12' 

95  sq.    ft. 

344        *• 
600       " 
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For  comparison,  the  following  is  the  floor  space 
required  by  the  vertical  cross-compound  condensing 
engines  of  a  well-known  maker.  The  figures  include 
the  space  required  for  an  alternating-current  generator 
between  the  frames. 


Size 

Dimensions 

Floor  Space 

R.P.M. 

500  kw 
1. 000    ** 
1,500    •* 
2,500    '* 
3,000    ** 

15X22' 
21'  X  24' 

22'  X  28' 
23'  X  32' 

23'  X  34' 

330  sq.  ft. 

504       '* 
616      ** 

736      '* 

782       " 

120 

no 

100 

90 

/3 

The  height  would  in  all  sizes  exceed  that  of  a 
similar  size  of  vertical  turbine. 

The  steam  consumption  guaranteed  for  the  above- 
mentioned  Curtis  turbines  is  also  noted  below.  The 
figures  are  given  in  dry  steam  per  kw-hour,  and,  for 
purposes  of  comparison  with  results  per  i.h.p.,  they 
have  been  reduced  by  assuming  an  efficiency  for 
generator  and  turbine  of  85. 


Lbs.  Sieam 

Lbs.  Steam 

Lbs.  per 
I.H.P. 

Size 

Pressure 

Vacuum 

per  kw-hour 

per  kw-hour 

Full  Load 

Half  Load 

Full  Load 

500 

150 

28 

20K 

23 

13 

1,500 

150 

28 

2oyj 

22 

13 

3.OUO 

150 

28 

20'^ 

21.5 

13 

5,000 

150 

28 

20% 

21 

13 

The  general  and  hopeful  view  of  the  steam  turbine 
was  well  summed  up  by  that  distinguished  authority, 
Professor  R.  H.  Thurston,  when,  in  addressing 
recently  the  New  York  Electrical  Society  on  the 
subject,  he  said:  *' The  trend  of  progress  and  the 
promise  for  the  immediate  future  is  in  the  direction 
of  further   gain    in    economy  of  the  machine   by  sup- 
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pression  of  leakage  and  of  friction  of  fluid  within  its 
casing  by  improved  workmanship  and  by  securing  a 
better  working  substance  by  freeing  it  from  water 
and  also  by  utilizing  the  process  of  superheating  to 
increase  the  thermodynamic  range.  This  means^  how- 
ever, improvement  at  the  boiler  rather  than  at  the 
engine,  which  latter  is  fitted  in  all  its  forms  to 
employ  superheated  steam  of  any  temperature  that 
can  be  practically  furnished  from  the  steam  generator. 
The  trend  of  progress  at  the  moment  is  also  toward 
the  application  of  specially  designed  and  constructed 
turbines  to  special  uses.  It  is  probable  that,  gradually, 
forms  will  be  adapted  particularly  to  use  in  electric 
light  and  power  'plants;'  others  will  find  employ- 
ment as  marine  engines  and  still  others  in  other 
varieties  of  work.  The  regulation  and  the  adjustment 
of  speeds  constitutes  a  problem,  already  satisfactorily 
solved  in  some  cases,  but  which  requires  some  further 
consideration  in  adaptation  of  satisfactory  regulating 
mechanism  to  some  special  forms  of  turbine  and  to 
some  special  uses.  The  promise  would  seem  at  the 
moment  to  be  the  introduction  very  widely  of  a  new 
type  of  prime  mover  which  adapts  itself  in  a  pecu- 
liarly happy  manner  to  purposes  for  which  the  com- 
mon forms  of  steam  engine  are  not  likely  to  prove  as 
perfectly  satisfactory.  The  indications  are  that  the 
supply  of  power  by  means  of  this  motor  will  be 
made  as  low  as  with  the  best  types  of  reciprocating 
engine  and  possibly  lower,  while  its  simplicity  of  plan 
and  ease  of  construction  would  seem  to  insure  free- 
dom from  liability  to  either  accident  or  depreciation 
of  value  to  any  very  important  extent  for  long 
periods  of  time."  As  Professor  Thurston  remarked, 
the  wastes  of  the  turbine  are  apparently  not  far  differ- 
ent in  amount    from   those   of  the  best  work   on  the 
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older  types  of  steam  engine,  but  are  of  a  different 
kind  and  are  peculiarly  distributed.  In  his  epochal 
paper  before  the  American  Philosophical  Society  on 
the  Curtis  turbine,  Mr.  W.  L.  R.  Emmet,  speaking 
of  the  5,000-kw  units  built  for  the  Chicago  Edison 
Company,  said  that  in  these  machines  the  variation  of 
efficiency  from  half  load  to  50  per  cent  over  load  will 
not  exceed  three  per  cent. 

Lest  the  future  may  seem  to  be  all  steam,  I  will 
quote  from  Mr.  Butterworth's  report  on  progress  to 
the  Ohio  Gas  Light  Association,  as  to  gas  engines, 
as  follows:  "At  the  World's  Fair  in  Paris  in  1900,  a 
i,ooo-hp  gas  engine  seemed  a  monster,  but  within  the 
past  two  years  sizes  have  been  increased  to  as  high  as 
4,000-hp,  and  the  British  Westinghouse  Company  is 
now  building,  at  Manchester,  England,  i,5oohp  two- 
cylinder  gas  engines.  America  seems  to  be  lagging 
behind  Europe  in  the  matter  of  the  number  of  large 
gas  engines  in  use,  only  25  per  cent  being  placed  to 
our  credit,  although  we  have  built  as  large  as  any 
that  are  in  use  thus  far  (4,ooohp),  and  one  American 
firm  has  recently  taken  contracts  to  build  16  gas 
engines  of  2,ooohp  each.  In  Europe,  the  use  of 
large  gas  engines  with  producer  gas  for  operating 
factories  has  increased  enormously  within  the  past  two 
years,  one  firm  having  made  32  engines  averaging 
1,390-hp,  none  of  them  less  than  200-hp.  The  pres- 
ent tendency  is  toward  the  horizontal  type  of  engine, 
but  Mr.  Herbert  A.  Humphrey,  who  is  a  student  of 
this  subject,  predicts  that  the  vertical  type  will  finally 
prevail,  especially  for  central-station  work.  Although 
most  of  these  large  engines  are  used,  as  stated,  with 
producer  gas,  yet  280-hp  gas  engines  are  used  in 
this  country  with  ordinary  illuminating  gas.  Mr. 
Humphrey  says :    *  The  recent  remarkable  progress  in 
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large  gas  engines  will  undoubtedly  continue  until  Sir 
Frederick  Bramwell's  prophecy  of  twenty-one  years 
ago  has  been  fulfilled  and  steam  engines  will  only  be 
found  in  museums.' 


» i» 


STATE    LABORATORIES 

One  of  the  most  interesting  and  important  questions 
affecting  electric-light  and  power  companies  that  has 
come  up  during  the  past  year  is  that  of  State  Electrical 
Laboratories.  The  plan  took  its  origin  in  the  State  of 
New  York,  and  in  order  that  it  may  be  understood,  I 
append  the  text  of  the  bill  introduced  in  the  Legis- 
lature : 

• 

The  Governor,  the  State  Comptroller,  the  State 
Engineer  and  Surveyor  (Edward  A.  Bond),  together 
with  Charles  P.  Steinmetz  and  Harold  Winthrop  Buck, 
are  hereby  constituted  and  appointed  a  special  commis- 
sion to  construct  and  equip  a  New  York  State  Elec- 
trical Laboratory  with  such  other  duties  as  are  herein- 
after designated. 

The  commissioners  shall  select  and  acquire  for  the 
people  of  the  State  of  New  York  upon  such  terms  as 
they  may  approve  a  site  for  the  location  of  a  State 
Electrical  Laboratory  and  proceed  to  construct  suitable 
and  proper  buildings  for  the  same,  according  to  plans 
and  specifications  to  be  furnished  by  and  under  the 
supervision  of  the  State  Architect,  and  to  equip,  supply 
and  furnish  the  same. 

For  acquiring  the  site  and  for  the  construction  and 
equipment  of  such  State  Electrical  Laboratory  the  sum 
of  $275,000  is  hereby  appropriated,  which  sum  shall 
be  payable  by  the  State  Treasurer  on  the  warrant  of 
the  Comptroller,  out  of  moneys  not  otherwise  appro- 
priated, on  bills  audited  by  the  siaid  commissioners,  or  a 
majority  of  them.  The  said  State  Electrical  Laboratory 
shall  provide  for  the  standardizing  and  calibrating  of 
electrical  meters  and  other  electrical  appliances  and 
apparatus  and  for  such  independent  investigations  and 
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experiments  in  electrical  science  as  will  furnish  accurate 
and  impartial  data  for  the  use  and  benefit  of  the  people 
of  the  State  of  New  York  in  the  settlement  of  disputes 
arising  from  the  development  and  use  of  electrical 
power;  and  for  such  further  researches  and  experiments 
as  will  tend  to  increase  knowledge  of  electrical  power, 
and  its  application  to  serviceable  ends. 

The  commissioners  shall  appoint  a  director  of  said 
electrical  laboratory  and  fix  his  compensation  and  term 
of  service.  They  shall  further  prepare  a  plan  for 
management  and  control  of  said  laboratory  when  com- 
pleted, and  shall  have  power  to  designate  and  appoint 
the  members  of  a  board  of  governors  whose  duty  it 
shall  be  to  direct  and  supervise  the  work  of  said 
laboratory,  selecting  and  appointing  all  necessary 
employees,  fixing  their  compensation  and  terms  of 
service,  prescribing  their  duties,  formulating  rules  to 
govern  work  of  the  laboratory  and  determining  fees 
of  standardizing  and  calibrating,  including  the  furnish- 
ing of  certificates  of  conformation  to  the  standard 
and  compliance  with  the  rules  of  the  board,  which 
certificate  shall  be  prima  facie  evidence  of  the  facts 
therein  stated,  and  for  such  other  work  as  may  be 
properly  subject  to  charge.  All  fees  received  by  said 
laboratory  shall  be  turned  over  to  the  State  Treasurer 
to  the  credit  of  the  general  fund. 

When  completed  and  in  operation,  said  State 
Electrical  Laboratory  shall  receive  and  be  open  to 
and  for  the  use  of  students  in  electrical  science  in 
any  university,  college  or  technical  school  which  is  or 
has  been  incorporated  with  the  University  of  the  State 
of  New  York  under  such  rules  and  regulations  as 
may  from  time  to  time  be  made  by  the  board  of 
governors  of  said  laboratory,  or  by  the  director  under 
their  authority. 

This  sounds   extrcmelv  well,  and    I    doubt  whether 

any  electrical  body  or   electrical    engineer   would   place 

itself,  or  himself,    in    opposition    to   the  expenditure  of 

money    that    will    aid    the    art    and    science.      On    the 

other    hand,  it    may    be    pointed    out    that    a    national 
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laboratory  to  do  much  of  this  work  has  already  been 
established ;  that  private  institutions  and  colleges  al- 
ready afford  such  facilities,  and  that  according  to  a 
rep)ort  of  an  interview  with  him,  Mr.  Steinmetz  has 
stated  that  the  object  is  to  prevent  purchasers  of  elec- 
tricity from  being  swindled.  **The  man  who  buys  a 
pound  of  sugar,"  he  said,  **  knows  whether  he  is  being 
cheated,  but  such  is  the  limited  knowledge  which  an 
ordinary  person  has  of  electricity  that  the  ordinary 
purchaser  of  that  commodity  has  to  trust  to  Provi- 
dence for  his  due."  Conceding  this,  it  is  not  known 
that  the  purchasers  of  gas,  oil,  milk,  water  or  bread 
are  similarly  protected  by  special  State  laboratories; 
and  it  is  very  gravely  doubted  whether  the  members 
of  this  Association,  or  the  manufacturers  supplying  them 
with  apparatus,  wish  to  see  some  forty  or  fifty  in- 
quisitorial bodies  established  over  them,  each  with  dif- 
ferent standards,  requirements  and  exactions.  I  have 
found  electrical  opinion  in  New  York  opposed  to  the 
scheme,  as  defined  by  its  promoters,  and  as  going  far 
beyond  any  proper  supervision  such  as  is  exercised  by 
the  usual  boards  of  gas,  electric-light  and  street-railway 
commissioners. 

Thomas  Commerford  Martin,  Committee. 


The  President  :  If  there  is  no  discussion  on  the  report, 
we  will  take  up  the  next  business,  which  is  the  report  on  office 
methods  and  accountinjr,  by  Mr.  Walter  M.  Anthony,  of  Chicago. 


Mr.  Anthony  read  his  report,  as  follows  : 

REPORT    ON    OFFICE    METHODS    AND 

ACCOUNTING 


To  the  Natio7ial  Electric  Light  Association  : 

It  might  be  a  point  of  interest  to  ascertain  the 
trend  of  thought  which  induced  an  ex-president  of  this 
association  to  make  the  recommendation  eventuating  in 
the  preparation  of  this  report.  What  prompted  the 
initiative  from  so  able  a  man  ?  And  is  it  out  of  place 
to  add  that  the  recommendation  in  itself  is  a  substan- 
tial proof  of  his  ability?  Does  not  the  principal 
solution  lie  in  the  fact  that  in  order  to  keep  up  with 
the  enlargement  of  his  business  horizon  our  friend  has 
realized  that  he  could  do  so  only  by  knowing 
absolutely  ** where  he  was  at"? 

The  rapid  industrial  development  of  modern  times, 
and  its  complement  of  contemporaneous  thought,  abso- 
lutely precludes  the  personal  attention  of  the  general 
executive  on  the  lines  of  the  old-time  superintendent, 
who  was  always  ** chief  cook  and  bottle  washer"  of 
the  whole  establishment.  Would  even  our  worthy 
ex-president,  progressive  as  he  is,  have  felt  the  same 
necessity  for  making  this  recommendation  several 
years  ago,  when  he  might  have  believed  that  his  vision, 
at  one  glance,  could  comprehend  the  **  Dan  to  Beer- 
sheba"  of  his  whole  responsibility,  and  bookkeeping, 
as  such,  was  so  useless  a  lad  as  to  go  barefoot  ninety- 
nine  one-hundredths  of  the  time?     And  can,  therefore, 
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any  of  our  present  friends  afford  to  remain  standing 
to-day  where  our  ex-president  might  have  stood  a 
decade  since  ?  Even  ten  years  ago  it  was  possible  for 
wise  men  to  harbor  the  thought  and  the  hope  that  the 
day  of  capitalistic  combination  was  but  ephemeral, 
and  that  we  should  all  shortly  return  to  the  old- 
fashioned,  unrestrained,  individualistic  competition. 
Does  any  child  of  industry  cherish  such  a  belief 
to-day? 

The  question,  therefore,  which  presents  itself  is 
this:  Are  we  to  do  our  present  work  on  the  lines  of 
old-fashioned  necessities,  or  are  we  willing  to  make  a 
sincere  effort  to  solve  the  problem  in  accordance  with 
the  needs  of  the  time? 

There  are  but  few  managers  who  can  keep  the 
details  of  even  a  small  American  business  of  to-day  in 
their  respective  **  hats "  and  but  few  enterprises  that 
will  long  outlive  such  a  policy,  and  the  word  **  account- 
ing" is  beginning  to  be  looked  up  a  little  more  in 
the  dictionary  of  industry,  and  the  captains  of  industry 
are  now  realizing  that  the  counting-room  of  the 
conservative  banker  is  only  an  open  sesame  when  the 
caller  is  backed  up  by  a  set  of  figures  that  do  the 
talking.  It  is  also  refreshing  to  ascertain  that  stock- 
holders, more  or  less,  have  a  definition  or  two  in  their 
minds  relating  to  accounting ;  and  the  words  **  system  " 
and  **  method  "  are  synonymous  with,  and  handmaidens 
of,  accounting,  as  without  system  and  method,  account- 
ing is  easily  spelled  with  five  letters — F-A-R-C-E. 

How  often  in  the  past  have  we  heard  a  chorus  of 
representatives  indulging  in  all  sorts  of  mind-reading 
queries:  '*Our  business  is  too  small,"  says  one. 

**  System  and  method  are  all  very  fine  for  you  big 
fellows,  but  useless  expense  for  us,"  pipes  another. 

**  Oh,  we    have    inched    along    without  much  book- 
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keeping  so  far,  and  guess  we  don't  need  any  now," 
quotes  a  third,  or  **  We  have  something  else  to  do 
except  bother  with  books  and  new-fangled  notions," 
says  a  fourth. 

**  No  nonsense  or  red-tape  for  me,"  quotes  the 
mechanical  or  operating  man,  and  so  on,  ad  infinitutn. 

I  can  add  right  here,  gentlemen,  that  most  of  the 
unfortunates  who  keep  thinking  or  making  these 
remarks,  or  similar  ones,  are  simply  playing  the  worm 
of  yesterday  *to  the  early  bird  of  to-day,  although  it  is 
not  the  early  riser,  but  he  who  gets  the  best  sleep, 
who  wins  the  worms,  and  it  hardly  pays  never  to 
move  until  you  are  shoved. 

Perhaps  there  are  many  who  fail  10  distinguish 
between  the  **  bookkeeping "  accounting  of  the  past 
few  decades  and  the  ** operating"  accounting  of  the 
present.  There  is  as  much  difference  between  the 
two  as  exists  between  the  words  **  suspicion "  and 
**  intuition."  You  **  suspicioned "  that  you  might  be 
right,  in  the  first  premise,  and  you  **intuitioned "  that 
you  knew  very  well  you  were  right,  in  the  second. 

The  art  of  operating  accounting  consists  in  giving 
an  air  of  distinction  to  insignificant  but  very  important 
things  in  their  inception  ;  locking  the  door  of  knowl- 
edge before  the  horse  of  responsibility  is  gone.  There 
are  no  unnecessary  altitudes  to  take  away  the  breath, 
and  only  a  few  shallow  depths  to  alarm  you.  Sim- 
plicity and  directness  are  its  watchwords,  but  they 
begin,  and  end,  with  the  material  work  performed, 
and  not  in  the  bookkeeper's  imaginings,  or  on  the 
superintendent's  cuffs. 

The  pioneers  of  operating  accounting  have  had, 
and  are  still  having,  an  uphill  row^  to  hoe,  and  they 
will  so  continue  to  enjoy  the  same  distinction  until 
the  employers    themselves   give    ear   to   the  still  small 
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voice  of  Costs,  which  is  bep^inning  to  speak  aloud  in 
the  land.  The  employers,  as  such,  must  have  a  better 
and  deeper  apprfeciation  of  the  science  and  the 
imperative  necessity  of  accounting,  no  matter  whether 
the  business  be  small  or  large,  for  the  commercial 
god  **  Margin "  (as  between  what  costs  value  and 
prodtices  value)  will  demand  the  attention  of  the 
employer  whether  he  wills  it  or  no — absolutely  so, 
when  the  hill  of  prosperity  begins  to  make  its  detour 
downwards. 

Progression  in  accounting,  if  made,  must  be  usually 
instituted  and  compelled  by  the  employers.  You  can 
not  look  to  many  of  the  so-called  **  bookkeepers "  to 
take  it  up,  for  the  reason  that  employers,  as  a  whole, 
have  never  made  sufficient  use  of  accounting  and  of 
the  so-called  bookkeepers  to  encourage  the  profession, 
as  such,  to  take  the  initiative;  therefore,  as  examples 
of  non-progressiveness  and  bigotry,  most  bookkeepers, 
per  se,  are  fearfully  and  wonderfully  successful.  As  a 
class,  they  rub  off  about  as  little  polish  for  future 
reflection  from  the  operating  man  as  it  is  possible  to 
imagine.  Their  prehistoric  traditions  are  too  much  for 
them.  No  wonder  employers  at  times  think  so  little 
of  bookkeepers ;  but  the  employers  are  much  to  blame 
for  this  condition  of  affairs,  by  reason  of  the  fact  that 
in  so  many  instances  the  accounting  department  is  the 
waste-basket  of  the  establishment,  and  many  employers 
themselves  have  such  slight  appreciation  for,  or  knowl- 
edge of,  accounting  as  not  to  know  the  difference 
between  the  good  and  the  bad. 

The  subject  of  operating  accounting  and  its 
methods  is  comprehensive  of  so  many  wise  essentials 
that  it  is  only  possible  to  touch  upon  a  few.  A  cir- 
cular letter  was  transmitted  to  each  member  of  the 
association,    asking    for    information,    suggestions    and 
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devices,  and  setting  forth  a  few  important  subjects  in 
which  all  are  inherently  interested.  Responses  were 
not  so  numerous  or  so  complete  as  was  hoped  for, 
and  your  reporter,  therefore,  must  ask  the  indulgence 
of  the  association,  since  he  has  had  to  depend  some- 
what upon  his  own  experience  and  environment,  in 
order  to  complete  in  a  sequence  exhibit  the  task 
assigned. 

In  the  letter  referred  to,  the  broad  subject  of 
"Receipts  and  Disbursements"  was  set  forth,  and 
under  **  Receipts"  the  topics  of  "Reading  of  Meters,'* 
"  Billing  of  Current "  and  '*  Use  of  Customers' 
Ledgers"  were  presented. 

In  a  small  company,  having  but  a  limited  number 
of  customers,  the  reading  of  meters  is  more  or  less  of 
a  simple  problem,  and  the  last  three  or  four  days  of 
each  month  are  generally  utilized  in  reading  all 
meters,  and  the  bills  rendered  ordinarily  include  the 
consumption  of  current  for  the  calendar  month 
specified ;  but  as  the  business  of  the  company  grows, 
the  necessity  for  a  change  in  practice  obtains,  and 
the  practice  of  a  company  having  many  customers  is 
hereby  set  forth,  as  your  reporter  believes  more  can 
be  gained  from  it  to  the  advantage  of  the  small  and 
large  company,  respectively,  than  would  be  possible  if 
only  the  practices  of  a  small  company  were  considered, 
although  the  best  practices  of  companies  approximating 
I, GOO  customers  are  also  set  forth  later  on. 

In  the  first  place,  in  a  large  company  the  territory 
served  is  districted,  the  size  or  comprehensiveness  of 
the  districts  being  determined  largely  by  local  con- 
ditions, or  the  territories  fed  by  particular  plants,  or 
the  districts  restricted  to  a  certain  number  of  cus- 
tomers, as  determined  by  the  desired  size  of  customers' 
ledgers  and  the  ability  and  capacity  of  certain  em- 
ployees. 
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The  averajrc  maximum  number  of  customers,  and 
tlic  avcrajre  yearly  growth  of  the  business,  determine 
somewhat  the  plan  of  action  ;  and  how  often  the  same 
meters  are  tci  be  read  is  also  considered,  as  some 
m<*ters  are  read  weekly  and  bills  rendered  weekly,  as 
i\u:  credit  of  a  certain  class  of  customers  does  not 
permit  monthly  readinjjs  as  a  safe  practice,  and,  rather 
than  demand  deposits,  based  on  monthly  consumption, 
a  system  of  weekly  readings  is  instituted,  with  weekly 
billing  and  weekly  collections,  all  with  very  excellent 
results  financially. 

The  number  of  customers  establishes  the  number 
of  mclcr-nrading  days,  and  is  the  basis  for  the  neces- 
sary com|)lement  of  meter  readers,  although  the  extent 
of  tenitory  to  be  traversed  contributes  its  factor  also. 
The  various  factors  having  been  ascertained,  the 
(|uestion  of  reading  meters  resolves  itself  down  lo 
streets. 

I'laeh  street  is  carefully  considered  and  the  routine 
svst(*matically  laid  out  and  absolutely  followed,  so  that 
the  same  customer  has  his  or  her  meter  read  on 
practically  the  same  corresponding  working  day  of 
each  month. 

i.oosK-si I v\:v  s\  sri.M   ( kkcki its) 

b.ach  day  and  particular  route  has  its  own  set  of 
covers,  ami  in  this  cover  the  liKise-sheet  meter  cards 
(lH>rm  **A")  are  placed  in  exact  accordance  with  the 
construlive  readings,  as  previously  arranged.  The 
uMilings  are  so  distributed  as  \o  make  the  average 
work  the  same  for  each  meier-reading  day,  whether 
the  meters  are  read  everv  day,  o\  on  certain  days, 
wheiebv  praciicallv  the  same  number  of  cusiomei^s  are 
read  each  meiei-ieading  ilav  bv  the  same  working 
force. 
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The  loose-sheet  or  card  system  of  meter  forms 
provides  for  the  necessary  expansion  or  cut-off,  as 
necessity  demands.  By  referring  to  the  meter  cards 
(Form  **A")  it  will  be  perceived  that  the  form  pro- 
vides for  reading  the  different  classes  of  current 
supplies.  The  system,  as  a  whole,  is  so  elastic  as  to 
permit  of  all  kinds  of  contingencies,  and  as  growth 
must  multiply,  further  additions  can  be  made,  and  no 
change  in  the  system  itself  is  necessary. 

The  addressograph  being  set  up  in  accordance  with 
the  routine  of  readings,  the  first  printing  of  names 
and  addresses  on  these  meter  cards  is  made  by  Xhe 
addressograph ;  or  some  companies  utilize  the  so-called 
billing  typewriter  machine  for  this  class  of  work. 

The  addressograph,  having  these  galleys  set  up 
corresponding  with  the  routine  of  names  and  addresses 
appearing  on  any  particular  set  of  meter  cards,  prints 
the  corresponding  daily  lists  on  the  meter  sheets 
(F'orm  **  B ")  and  transmits  same  to  the  meter 
bureau  on  the  day  previous  to  the  readings.  The 
meter  readings  are  transferred  by  hand  to  these  meter 
sheets. 

The  addressograph  also  prints  the  corresponding 
billheads  (Form  **C")  and  the  same  are  supplied  to 
the  billing  bureau,  and  the  addressograph  at  the 
same  lime  also  prints  the  corresponding  envelopes, 
which  are  forwarded  to  the  mailing  bureau ;  and  the 
addressograph  can,  if  so  desired,  be  so  arranged  as  to 
print  the  customers'  ledger  sheets,  as  the  names  in 
the  customer's  ledgers  absolutely  correspond  in  con- 
secutive order  with  the  original  routing,  as  provided 
for  on  the  meter  cards,  the  meter  sheets,  the  bill- 
heads and   the  envelopes. 

In  the  printing  of  names  on  the   customers'  ledger 
sheets,  use  can  also  be  made  of  the   Elliott  and   Hatch 
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or  Fisher  billing  typewriters,  as  these  typewriting 
machines  are  particularly  constructed  with  a  view  to 
doing  all  such  kinds  of  work  on  books. 

As  soon  as  the  meter  card  (Form  **A")  readings 
have  been  transferred  to  the  meter  sheets  (Form  **  B") 
the  meter  sheets  (Form  **B")  are  transmitted  to  the 
billing  bureau,  wherie  the  billing  instructions  are  kept 
on  file  on  the  basis  of  the  card-bureau  system.  The 
dollars  and  cents  portion  of  the  meter  sheets  (Form 
**  B ")  is  inserted  ;  the  bills  (Form  **  C "),  previously 
supplied  by  the  addressograph,  are  then  filled  out,  as 
per  information  consecutively  appearing  on  the  meter 
sheets  (Form  **  B  ").  The  bills  (Form  '*  C  ")  are  then 
checked  and  forwarded  to  the  mailing  bureau,  to  be 
inserted  in  the  envelopes,  also  previously  consecutively 
prepared  by  the  addressograph.  The  Elliott  and  Hatch 
and  the  Fisher  billing  typewriting  machines  are  used 
quite  extensively  in  connection  with  the  billing  of 
current,  and  where  the  bill  is  not  too  complicated, 
experience  has  proven  the  advisability  of  billing  certain 
classes  of  current  with  these  so-called  ** billing"  type- 
writers. 

As  soon  as  the  mailing  bureau  has  received  the  bills, 
properly  made  out  and  checked,  the  envelopes  contain- 
ing said  bills  are  then  consecutively  sealed  by  kn 
electrical  device  called  the  **Thexton  electric  sealing 
machine,"  postage  stamps  are  affixed  and  the  mailing 
promptly  attended  to. 

The  billing  bureau  posts  the  totals  of  each  meter 
sheet  (Form  **  B ")  to  the  recapitulation  balance  sheet 
(Form  **  D "),  and  the  meter  sheets  are  then  passed 
along  to  the  corresponding  customers'  ledger  clerk,  who 
posts  the  results  to  the  debit  of  each  consecutive 
customer's  account  (Form  **E"),  each  page  of  the 
customer's  ledger  (Form  **E")  being  balanced  as  one 
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customer,  and  the  comptometer,  but  preferably  the 
Burroughs  arithmometer,  is  then  used  to  draw  off  and 
compute  the  total  of  all  the  ledger  sheets  in  the 
customers*  ledger,  said  totals  to  balance  with  recapitu- 
lation sheet  (Form  **D'*). 

Perhaps  we  may  now  note  some  of  the  advantages 
to  be  obtained  by  this  scheme  : 

1.  Elasticity,  and  no  changes  in  methods  neces^ 
sary,  no  matter  what  the  growth  of  the  business 
may  be. 

2.  The  meter  cards  (Form  *'A**)  are  the  original 
source  of  entry,  easy  to* carry  and  easy  to  refer  to,  but 
wisely  do  not  contain  any  information  as  to  discounts 
or  billing,  and  valuable  to  refer  to  because  said  meter 
cards  as  a  ruK*  contain  several  previous  months' 
readings,  which  are  a  guide  to  the  meter  reader  in 
taking  future  readings  off  the  dials;  and  these  meter 
cards  can  also  l)e  used  for  showing  all  kinds  of  specific 
information  to  suit  the  necessitv. 

V  The  meter  sheet  (Form  **  B")  gives  ample  room 
fi)r  tiguring  and  statistical  information,  permitting  the 
classes  of  current  billed  to  he  kept  separate,  and  each 
ilay's  readings  separate,  so  any  class  of  current  billed, 
or  any  day's  readings,  or  any  number  of  days  read- 
ings, can  instantly  be  compared  with  any  correspond- 
ing day   or  ilays  of  any  month  or  period. 

4.  Thi*  aiUlressograph  can  be  usc»d  throughout  the 
schem<\  resulting  in  an  inliniie  saving  in  time  and 
labor.  Tin-  billing  typiwriiers  can  be  used  to  great 
advantage  on  customers  ledgers  and  the  billing  of 
current.  The  arithmonu'ier  or  comptt)meier  can  be 
usihI  for  ascertaining  ijuiek  totals  and  balances.  The 
Thexti>n  electric  sealing  niaehine  can  W  usi-d  for  the 
quick  sealing  of  envelojH's. 

3.      The    lecapit Illation   balance    sheet    (  lH>rm    *' I)  ") 
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not  only  furnishes  a  balance  for  each  of  the  corre- 
sponding customers'  ledgers,  but  also  furnishes  all 
kinds  of  comparative  periodical  information  as  to  bill- 
ing, and  further  statements  or  special  reports  are 
unnecessary  (see  Forms  **F'*  and  **G"). 
.  6.  The  ledgersjj^lfe  perpetual ;  no  transferring  of 
names  is  necessary  except  that  an  occasional  sheet  con- 
taining the  names  can  be  made  over  where  too  many 
changes  have  been  instituted  to  make  the  original 
valuable  except  for  file ;  a  lai^e  number  of  accounts  are 
included  between  comparatively  thin  covers,  inasmuch 
us  upward  of  3,000  accounts  can  be  handled  by  one 
bookkeeper.  Your  j-eporter  believes  this  form  of 
loose-sheet  ledger  embraces  all  the  salient  and  efficient 
advantages  of  the  card  system,  and  as  to  rapidity, 
correctness  and  volume  of  work  performed  your  re- 
porter can  attest,  as  your  reporter  uses  both  schemes 
in  many  different  companies  and  in  various  kinds  of 
enterprises.  Your  reporter  believes  each  system  is 
valuable,  and  that  local  conditions  should  govern  the 
choice  of  adoption.  Personal  experience  justifies  your 
reporter,  however,  in  pronouncing  in  favor  of  the 
loose-sheet  form  of  ledger  as  represented  by  Form 
**E."  It  may  be  added  that  the  Form  **E"  submitted 
herewith  provides  for  weekly  billing,  or  four  or  live 
readings  per  month.  Where  only  one  bill  is  rendered 
per  month  the  form  can  be  modified  so  as  to  include 
more  accounts  to  the  page  or  decrease  the  size  of  the 
sheet. 

7.  Every  day's  work  balances  with  itself  as  it 
goes  along,  and  as  each  day  balances  with  itself,  the 
month  must  necessarily  do  so.  Each  day's  work 
being  laid  out,  routine  is  soon  established,  and  the 
acme  of  correctness  possible;  filing  and  self-indexing 
are  made  very  simple,  inasmuch  as  the  indexing  does 
much  of  its  own  work. 
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8.  The  Library  Bureau  card  system  is  utilized  in 
the  meter  and  billing  departments  to  tabulate  all 
information  concerning  customers,  addresses,  meters, 
classes,  character  and  size,  and  in  the  billing  depart- 
ment to  keep  absolute  record  of  all  instructions  coiti- 
ing  from  the  contract  department  relating  to  discounts, 
special  instructions  for  billing,  and  details  connected 
with  same. 

CARD     SYSTEM    (rECEIPTS) 

The  following  card  system,  as  described,  is  used 
by  a  company  supplying  current  to  about  i,ooo  cus- 
tomers in  two  municipalities,  modifications  of  which 
can  possibly  be  made  to  suit  the  requirements  of 
smaller  or  larger  companies. 

Meters — ^The  meters  are  read  monthly  by  regular 
employees  of  the  company,  two  from  the  office  and 
one  from  the  meter  department.  The  reading  is 
started  six  days  before  the  last  of  the  month,  so  as 
to  give  ample  time  for  making  out  of  the  bills  and 
reading  such  meters  as  could  not,  for  various  reasons, 
be  read  on  the  regular  days.  On  the  first  of  the 
month  the  meter  readers  deliver  the  bills  and  collect 
fronv  those  customer^  who  desire  to  pay,  and  also 
read  such  meters  as  still  remain  unread. 

The  meter-reading  cards  (Form  Wi)  are  ruled 
similar  to  the  ledger  cards  (Form  W2).  The  chief 
features  to  be  observed  in  designing  these  cards  are : 
space  at  the  top  for  name,  address  and  customer's 
number  (these  to  be  printed  by  the  addressograph), 
location  of  meter,  rate,  number,  size,  volts,  constant, 
date  set,  date  removed,  date  read,  index,  and  by 
whom  read.  The  meter  cards,  when  taken  from  the 
office,  are  carried  in  binders  manufactured  by  the 
Library  Bureau,  but  between  reading  times  these  cards 
are  placed  in  special  filing  drawers,  for  convenience. 
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The    impression     prevails    in    somt     instances    that 
t  is  better   to    have  ail  the  meters  read  direct  in  kilo- 
watt-hours.    Steps  have  heen  made  liy  some  companies 
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in  that    direction    by  removing  the  unit  hand  from  all 
hut    large-capacity    meters,  and    on    these  the    constant 
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has  been  changed,  so  that  the  meter  will  read  in  kilo- 
watt-hours. It  is  claimed  that  this  will  reduce  the 
labor  of  making  out  the  bills  considerably. 

Billing — ^The  utility  of  the  card  system  is  set 
forth  by  some  companies.  The  customers  are  arranged 
in  routes  and  numbered  consecutively,  i,  2,  3,  4,  etc., 
the  ledger  cards,  meter-reading  cards  and  bills  being 
always  arranged  in  the  same  order.  Should  a  new 
customer  be  connected  between  3  and  4,  for  instance, 
one  company  numbers  this  new  customer  as  **3 — 10" 
or  **3 — 50"  or  '*3 — 75,**  according  to  the  proximity 
of  said  customer  to  number  3  or  4,  and  much  flexi- 
bility is  thereby  claimed  in  favor  of  the  card  system, 
one  set  of  cards  lasting  four  or  five  years  without 
inconvenience.  It  seems  to  be  the  best  practice  of 
those  using  the  card  system  to  have  the  meter-reading 
cards  and'  the  ledger  cards  used  together  and  expiring 
together. 

In  order  to  avoid  errors,  one  company  pursues  the 
following  method :  Two  persons  work  together ;  the 
bookkeeper  calls  the  name  of  the  customer  and  the 
index  of  the  meter,  at  the  same  time  writing  the 
figures  on  the  ledger.  The  clerk  places  the  index  on 
the  bill  (which  has  already  had  the  name  printed  by 
the  addressograph,  and  the  previous  reading  and  con- 
stant inserted).  Both  employees  compute  independently, 
the  clerk  calling  off  the  kilowatt-hours  and  amount. 
By  this  method  it  is  claimed  that  the  chances  for 
error  are  reduced  to  a  minimum.  The  small  company 
can  modify  this  practice  by  placing  the  reading  of 
meters,  making  out  of  bills  and  the  collection  of  bills 
in  the  hands  of  one  or  two  competent  employees. 

Ledgers — It  is  evident  that  many  companies  use 
the  card-ledger  system  and  claim  to  find  it  much 
more  satisfactory  than  the  book  forms.     This  claim  is 
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particularly  in  evidence  where  the  number  of  cus- 
tomers is  comparatively  small.  A  card  is  used  for 
each  customer,  and  some  companies  adopt  diflferent 
colored  cards  for  different  classes  of  current.  For 
instance,  buff  —  commercial  incandescent,  by  meter; 
green — commercial  arc  ;  blue — motors  ;  salmon — public 
street  lights ;  white — commercial,  by  contract.  After 
every  twenty-fifth  card  there  is  placed  an  index  card 
corresponding  to  pages  in  a  book  ledger,  and  in  all 
additions  the  cards  between  these  indexes  are  con- 
sidered collectively. 

With  this  system  a  book  entitled  **  Summary 
Consumers'  Ledger"  (Form  W3)  is  used,  in  which 
a  permanent  record  is  kept  and  footing  of  these 
so-called  pages  in  which  the  sales  and  receipts  are 
classified.  On  the  left-hand  page  are  the  total  addi- 
tions from  the  ledger  cards : 

1  Balance  from  previous  month 

2  Sales — Kilowatt-hours 

3  Sales — Billed 

4  Receipts — Cash 

5  Receipts — Discounts  gained.  Bills  are  rendered 
net,  and  the  discount  is  treated  more  in  the  nature  of 
a  fine 

6  Balances  unpaid 

To  prove  that  the  additions  are  correct,  i  and  3 
must  equal  4  and  6  ;  also  4  and  5  must  equal  the 
total  cash  received,  as  shown  in  consumers'  cash  book. 

On  the  right-hand  {)age  of  the  summary  consumers' 
ledger,  the  sales  of  the '  different  classes  of  current  are 
classified. 

Many  companies  believe  that  the  card -ledger 
system  shows  the  following  advantages  over  the  book 
form  :  There  is  no  limit  to  its  expansion  ;  by  arranging 
the  cards  in    routes,  the    meter-reading   cards   and    the 
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ledger  cards  are  always  in  the  same  order,  which 
facilitates  the  making  out  of  bills,  and  the  meter  cards 
and  ledger  cards  can  be  so  printed  as  to  be  used 
continuously  for  four  or  five  years.  If  a  customer 
disputes  his  bill  you  have  his  account  for  several  years 
all  together.  If  the  company  is  a  large  one,  several 
clerks  can  work  on  the  ledger  at  the  same  time.  On 
the  back  of  the  card  there  is  room  for  explanations, 
special  rebates,  corrections,  etc. 

An  adding  machine  is  almost  indispensable  in  the 
card-ledger  system.  Some  companies  use  a  **  comptom- 
eter," which  is  very  satisfactory,  as  it  can  be  used 
on  other  computations,  but  for  general  work  in  the 
accounting  department  the  Burroughs  ** arithmometer" 
is  considered  better,  as  it  prints  the  figures,  and  the 
printed  sheets  can  be  used  in  checking  by  the  book- 
keeper and  by  any  other  party. 

Some  of  the  chief  objections  raised  against  the  card 
system  are  its  first  cost  and  the  fact  that  the  cards 
are  liable  to  get  lost  or  destroyed  to  cover  up  theft. 
But  the  experience  of  the  larger  number  of  small 
companies  shows  that  they  have  never  lost  a  card,  and 
they  think  that  the  value  of  the  system  is  well  worth 
its  cost. 

Where  the  meter  cards  and  ledgers  are  arranged  in 
routes  an  index  is  necessary.  One  company  has  its 
index  card  (Form  W4)  serve  also  as  an  application 
card,  deposit  record,  and  a  record  of  the  bad  debts 
charged  off.  When  a  party  makes  application  for 
current,  he  signs  one  of  the  cards,  and  by  so  doing 
acknowledges  the  receipt  of  a  copy  of  the  company's 
rules  and  regulations,  which  is  given  to  him  at  the 
same  time.  On  the  back  of  this  card  the  customer's 
name,  address,  etc.,  are  printed  with  the  addressograph, 
so  that  when  filed  the  names  will  be  uniform  and  the 
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cards  more  easily  found.  The  number  of  deposit,  date 
received,  amount,  rate  paid,  amount  paid,  including 
interest,  journal  page,  and  any  unpaid  bills,  are  also 
shown.  These  cards  are  always  kept  on  file,  so  that 
at  any  time  when  a  former  customer  applies  for  cur- 
rent, it  can  be  seen  very  readily  whether  or  not  he 
was  in  arrears. 

CREDITS    AND    COLLECTIONS    (RECEIPTS) 

Credits  and  Collections — Prompt  collections  are  a 
great  essential,  and  a  judicious,  diplomatic  msistence 
on  the  prompt  payment  of  bills  has  a  wonderful  edu- 
cational influence  on  all  customers,  inasmuch  as  they 
soon  form  the  habit  of  paying  promptly,  and  a  close 
following  up  of  all  outstanding  accounts  materially 
reduces  the  percentage  of  slow  payers ;  and  it  is  a 
matter  of  absolute  experience  that  a  company  stands 
ICG  per  cent  better  in  the  eyes  of  the  community  at 
large  when  it  persists,  in  a  quiet  but  well-determined 
and  defined  plan,  in  wisely  collecting  its  accounts 
when  due.  Claims  for  adjustments,  allowances  and 
rebates  can  be  so  conducted  and  courteously  handled 
as  to  make  the  customers  of  a  public-utility  company 
the  strongest  arm  of  the  soliciting  department  and  the 
best  advertising  agents  the  company  possesses. 

It  is  supremely  wise  to  follow  the  principle  of 
always  giving  the  customers  **  the  benefit  of  the  doubt." 
Vou  will  lose  temporarily — yes,  but  you  build  monu- 
ments for  the  future ;  and  whatever  is  done  in  the  way 
of  allowances  and  rebates  should  be  conceded  quickly, 
and  with  the  most  cheerful  spirit.  A  credit,  collection 
and  claim  department,  diplomatically  officered,  manned 
by  a  high  grade  of  gentlemanly,  well-groomed,  intelli- 
gent collectors,  can  do  more  to  keep  business,  get 
business  and  to  create  a  kindly  spirit  in  the   minds  of 
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the  public  than  perhaps  any  other  agency  which  the 
company  may  possess,  and  it  is  particularly  essential 
that  the  credit  department  on  the  one  hand,  and  the 
contract  or  soliciting  department  on  the  other,  work 
**hand  in  glove,"  with  the  most  perfect  harmony. 

The  lighting  or  power  service  of  no  customer 
should  be  ordered  cut  off  for  non-payment  of  bills 
until  the  soliciting  agent,  who  possibly  first  obtained 
the  business,  or  in  whose  district  the  customer  resides 
or  does  business,  has  been  duly  notified  of  the  fact  of 
non-payment  by  the  credit  department ;  and  said  solicit- 
ing agent  should  be  given  the  first  opportunity  to  call 
on  the  customer  and  investigate  all  the  details,  inas- 
much as  the  agent  is  perhaps  enabled  to  modify  the 
contract,  or  show  the  customer  how  he  can  better 
economize  or  reduce  his  bills,  or  how  some  possible 
increase  in  the  efficiency  of  the  service  can  be  eflfected. 
A  large  number  of  possibilities  eventuate,  and  the 
wise  agent,  at  such  a  juncture,  can  also  change  him- 
self, chameleon-like,  into  an  extremely  efficient 
collector ;  and  the  very  fact  thiat  the  customer  obtains 
direct  personal  attention  and  consideration  almost  always 
results  in  the  payment  or  prompt  settlement  of  the 
disputed  account,  the  retention  of  the  customer,  and 
a  pleasant  solution  of  what  otherwise  might  have  been 
a  very  unhappy  affair ;  for  a  credit,  claim  and  collec- 
tion department  not  handled  on  these  lines  can  cost  a 
company  more  revenue  in  one  year  than  a  first-class 
soliciting  force  can  obtain  in  new  business  in  the  same 
period.  But  it  requires  just  as  high-grade  people  to 
keep  business  on  these  lines  as  it  does  to  get  it  in 
the  first  place,  on  the  basis  that  it  is  perhaps  more 
difficult  to  diplomatically  placate  a  disturbed  and 
irascible  customer  and  keep  him  on  your  Hues  than 
it  was  to  play  the  smooth  part  of  the  agent  in  obtain- 
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ing  the  contract  in  the  first  place,  for  it  is  so  easy 
for  many  agents  to  promise — and  promise  conscien- 
tiously, too — and  so  difficult  for  the  credit  and 
collection  department  of  a  company  to  make  some  of 
these  promises  good. 

Perhaps  the  best  practice  is  that  in  which  the 
company  allows  the  customer  ten  days  from  date  of 
bill  in  which  to  pay  the  same  and  thereby  save  what- 
ever discount  obtains.  Of  course  a  large  number  of 
payments  are  made  by  check,  mailed  direct  to  the 
general  offices ;  bills  are  also  payable  at  certain 
sj^cificd  places,  not  the  offices  of  the  company,  as 
arranged  for  to  convenience  the  public.  Other  bills 
are  paid  in  cash  over  the  counters  of  the  general 
office,  and  the  balance  collected  by  collectors. 

As  a  rule,  a  large  proportion  of  bills  is  paid 
either  by  check  sent  to  the  office,  or  by  cash  paid 
over  the  counter  at  the  office,  and  the  Cummins 
perforating  receipting  stamp  has  been  found  a  great 
labor-saver  in  the  receipting  of  bills.  This  stamp 
not  only  receipts  the  bill  by  perforation,  but  perforates 
the  stub  as  well,  cuts  off  the  stub,  and  all  with  one 
movement  of  the  lever ;  and,  still  better,  it  receipts 
both  bill  and  stub,  and  receipts  and  cuts  oflf  stubs  of 
a  large  number  of  bills  at  the  same  time.  This 
Cummins  perforating  stamp  is  also  largely  used  by 
the  cashier  in  cancelling  all  items  held  as  petty  cash, 
discharge  time  vouchers,  and  papers  temporarily  held 
by  the  cashier,  thus  preventing  the  possibility  of  some 
of  these  various  items  being  presented  subsequently, 
and  paid  twice. 

The  stubs  of  bills,  showing  the  district,  account 
number,  customer's  name,  amount,  etc.,  are  all  sorted, 
and  as  soon  as  sorted  arc  posted  to  the  particular 
district    sub-cash    book    (Form    **  I ")    interested.       A 
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special  district  sub-cash  book  is  kept  for  each  district 
or  corresponding  ledger,  or  set  of  ledgers,  and  the 
totals  of  these  various  cash  books  are  carried  in  one 
sum  to  the  general  cash  book  (Form  **J").  By 
keeping  a  set  of  district  sub-cash  books  corresponding 
with  the  ledgers,  no  time  is  wasted  by  any  clerks  in 
waiting  for  cash  books  in  order  to  post  promptly 
each  day  the  cash  received  on  said  day  (see  Forms 
'*  H  "  and  **  K  "  for  cash  statements). 

The  Burroughs  arithmometer  is  used  to  great  advan- 
tage in  the  cashiers  office.  Duplicate  deposit  slips 
are  most  rapidly  made,  absolute  correctness  in  totals 
being  assured.  Totals  in  cash  books  are  quickly 
added  and  proven,  and  the  machine  has  been  found 
to  be  a  very  valuable  adjunct  as  a  labor-saving  device 
throughout  the  general  offices. 

DISBURSEMENTS 

The  weak  points  of  most  accounting  departments 
are,  as  a  rule,  more  numerous  and  glaring  in  the 
expense  or  disbursement  side  of  the  business  than  in 
the  handling  of  receipts  or  income,  which  weakness 
may  easily  be  accounted  for  by  reason  of  the  fact 
that  the  customer  demands  or  exacts  a  certain  amount 
of  attention,  whether  the  vendor  wills  it  or  no, 
whereas  the  vendor  is  more  willing  to  excuse  lack  of 
system  or  attention  on  the  part  of  his  customer,  and 
this  is  almost  equally  true,  if  the  customer  and  vendor 
be  one  and  the  same,  on  the  basis  that  the  customer's 
business  must  be  attended  to,  but  you  can  neglect, 
possibly,  your  own  necessities. 

Some  of  the  points  of  weakness  particularly  in 
evidence  lie  in  the  making  of  purchases,  the  care  of 
supplies,  and  the  prompt  handling  of  invoices,  and 
the  lack  of  attention    in    any  or  all  of  these  directions 


precludes  the  possibility  of  costs  and  liabilities  of  the 
companv  appearing  on  the  hooks  at  the  earliest 
possible   moment.     Therefore,  the    books   of    the    com- 


pany can  never  be  a  true  index    of  the    financial    con- 
dition   of    (he  property,  and    expenses    and    profits   are 


not  representative  of  the  facts.  There  is  altogether 
too  great  a  temptation  to  let  invoices  hang  around 
on  desks  and  in  drawers  and  out-of-sight  places, 
everlastingly  awaiting  that  convenient,  leisurely  period 
that  never  conies  to  a  certain  class  of  individuals. 
Consequently,  in  the  end  a  stress  of  circumstances 
eventuates,  and  a  large  number  of  invoices  are  approved 
in  a  hurry,  with  characteristic  looseness  and  no  specific 
attention,  and  the  accountant  is  forced  to  burn  the 
midnight  oil  to  post  this  avalanche  of  delayed  work 
at  a  time  of  month  when  everything  comes  at  once, 
and  the  financial  executive  is  also  left  **  up  in  the  air," 
bracing  himself  up  on  the  cheerful  possibility  that 
the  worst  is  yet  to  come. 

Only  the  consensus  of  best  practice  Can  be  here- 
with set  forth.  It  is  impossible  and  impracticable  to 
reproduce  all  the  forms,  and  information  concerning 
said  forms,  which  your  reporter  may  have  received,, 
and  it  has  been  thought  more  advisable  to  follow  the 
best  general  j)ractice  and  give  the  association  the 
benefit  of  same.  The  value  of  any  system  depends 
altogether  upon  its  usefulness  to  the  managing  officers, 
for  if  they  make  no  use  of  the  administrative  policy 
to  be  gained  by  following  up  systematic  teaching,  a 
cash  book  is  all  that  is  necessary  for  such  people. 

That  all  purchases  should  be  made  through  one 
source  and  by  one  individual,  and  that  said  individual 
should  also  be  responsible  for  the  storeroom,  is 
generally  conceded.  Employees  as  a  whole,  can  not 
economically  act  as  individual  purchasing  agents  with 
any  better  result  tlian  can  every  employee  pose  around 
as  if  he  were  president. 

The  purchasing  agent,  or  the  representative  acting 
as  such,  should  have  sufficient  knowledge  of  the  busi- 
ness  to  **  sense"  what    the    company  requires,    and    to 
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keep  only  such  stock  on  hand  as  is  absolutely  neces- 
sary for  the  general  average  use.  Supplies  or  neces- 
sities, not  ordinarily  kept  in  stock,  can  be  ordered 
through  the  i)urchasing  agent  on  the  following  system, 
which  system  is  believed  to  include  most  of  the 
valuable  features  pertaining  to  the  subject. 

rURCHASES    AND    INVOICES    (l)ISBURSEMENTS) 

Heads  of  departments  are  supplied  with  so-called 
department  order  books  (Form  *'L").  These  blanks 
are  printed  in  manifold  and  bound  in  books  of  lOO 
consecutively  numbered  orders.  The  purchasing  agent, 
immediately  upon  receiving  this  department  order 
(Form  **  L "),  approves  same,  if  in  line  with  the 
authorized  policy  laid  down  by  the  management, 
stamping  the  date  and  hour  received,  and  subsequently 
inserting  the  number  of  his  requisition  order,  which  he 
issues  on  the  vendor. 

The  purchasing  agent  then  makes  out  on  requisition 
order  (Form  **  M ")  a  requisition  on  the  vendor  for 
the  supplies  or  necessities  set  forth  on  the  corre- 
sponding department  order  above  referred  to.  These 
requisition  orders  arc  in  manifold  also,  although  the 
carbon  duplicate,  which  remains  in  the  book  for 
record,  contains  information  as  to  the  number  of 
department  order,  the  name  of  official  to  whom  invoice 
is  to  be  forwarded,  and  the  classification  number  to 
which  the  material  is  to  be  charged,  as  this  information 
is  taken  from  the  department  order,  the  carbon  paper 
being  so  arranged  that  the  impress  of  this  information 
does  not  appear  on  the  original  reciuisition  transmitted 
to  the  vendor. 

When  the  invoice  is  received,  it  is  at  once  for- 
warded to  the  |)urehasing  agent.  If  the  invoice  does 
not    bear  the   original    requisition    order    number,    it   is 
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returned  to  the  vendor,  with  notice  that  the  invoice 
will  not  be  honored  until  the  requisition  order  number 
appears  thereon.  The  purchasing  agent  compares  all 
invoices  received  with  the  original  requisition  creating 
same,  checking  all  specific  details,  which  checking  pre- 
cludes any  possibility  of  passing  duplicate  invoices  at 
some  future  time;  a  very  valuable  precaution. 

The  invoice  is  then  stamped  with  a  special  stamp, 
the  use  of  which  is  seen  as  explanation  follows :  The 
purchasing  agent  inserts  on  the  line  provided  for  said 
stamp,  the  date  received  and  the  account  number  to 
which  the  invoice  is  to  be  a  charge.  The  fnvoice  is 
then  listed  on  the  daily  disposition  invoice  sheet  (Form 
**  N "),  which  provides  for  name  of  vendor,  date, 
amount,  to  whom  forwarded,  etc.,  and  the  invoice  is 
then  transmitted  to  the  head  of  department  making 
the  original  department  order  (Form  **L"). 

If  the  head  of  department  does  not  of  himself 
have  absolute  previous  knowledge  of  the  arrival  of 
the  material,  he  passes  said  invoice  to  his  proper 
subordinate,  and  said  subordinate  having  knowledge 
of  arrival  of  material  approves  the  invoice,  if  correct, 
on  the  line  provided  for  by  the  special  rubber  stamp. 
The  head  of  department  then  compares  invoice  with 
the  original  department  order,  checks  same  as  to 
details  and  approves  the  invoice,  as  provided  for  by 
stamp,  and  returns  the  same  to  the  purchasing  agent, 
who  also  approves. 

The  invoice  is  then  forwarded  to  the  accounting 
department  for  posting  to  the  credit  of  the  proper 
vendor's  account,  vouchering,  etc. 

A  very  large  proportion  of  the  invoices  ordinarily 
cover  purchases  for  stock.  These  invoices  arc  listed 
on  a  special  disposition  invoice  sheet  (Form  **  N ") 
and  invoices  are  forwarded    to    the    supply  department 
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or  stock  clerk  or  receiving  clerk,  as  the  case  may  be. 
The  invoices  are  checked  with  the  receiving  books, 
and  if  found  correct,  are  approved  by  the  stock 
clerk,  who  returns  same  to  the  purchasing  agent,  who 
approves  and  forwards  to  the  accounting  department. 
If  invoices  are  not  promptly  returned,  the  disposition 
invoice  sheet  quickly  tells  the  tale,  and  the  head  of 
department  is  honored  with  the  receipt  of  invoice 
tickler  (Form  **0"),  and  head  of  department  is 
obliged  to  show  cause  why  said  invoices  are  being 
held  or  delaved  ;  and  if  this  invoice  tickler  does  not 
bring  the  return  of  the  approved  invoice  or  a  satis- 
factory explanation,  the  {)urchasing  agent  or  clerk 
makes  it  his  personal  business  to  investigate  instanter 
and  is  liable  to  interest  some  executive  officer  in  this 
investigation,  and  the  delinquent  list  shortly  grows 
beautifully  less;  and,  gentlemen,  the  "instanter" 
prineii)le  of  handling  dej)artment  orders,  requisitions 
on  vendors  and  invcjices,  corrects  more  evils  in  the 
expense  side  of  your  business  than  all  the  other 
agencies  combined.  Prompt  handling  of  invoices 
inaui^urates  reforms  i^vervwhere  which  otherwise  would 
not  have  been  thought  of,  resulting  in  great  economy  ; 
the  systematic  and  economical  handling  of  materials; 
atti-ntion  to  details  concerning  sui)|)Iies  when  said 
details  are  fresh  in  the  minds  of  all  concerned; 
instituting  a  check  on  purchasing  to  cover  only  abso- 
luti*  neces^^ities ;  |)revi-nts  dui)licati()n  of  bills,  and 
tiierebv  duplication  of  payments;  reduces  friction  to 
a  minimum,  and  helps  mati*riall\  to  j^et  vour  invest- 
ment  material  into  o|>erating  installation,  thereby 
bringing  (|uickiT  revenue  returns;  and  fmally  results 
in  the  absolute  knowledge  that  your  books  are  the 
true  index  of  your  liabilities  and  that  your  monthly 
costs  include  all  itim^  which  propiuly  l)elong  to  the 
specific  month   interested. 


In  some  companies  the  purchasing  agent's  requisi- 
tion orders  (Form  "  M  ")  are  made  in  triplicate,  the 
original  going  to  the  vendor,  the  duplicate  going  to  the 


employee  who  is  supposed  to  receive  the  material,  and 
the  tripHcate  remaining  in  the  book  for  purchasing 
agent's  record.     The  use  of   the  original  and    triplicate 
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covers  much  the  same  ground  as  explained  above,  but 
the  duplicate,  as  used   by  the   employee,  is   termed    in 
some  instances  the  **  arrival  notice,"    inasmuch    as    the 
employee    receiving   same    is    expected    to    check    the 
material  when    it   arrives  with   the    items   as   listed  on 
the  duplicate  or  arrival  notice,  noting  thereon,  in  some 
instances,    the    freight    and    cartage    charges    as    well. 
This  duplicate,  or  arrival  notice,  when  checked  by  the 
proper   employee,  is    then    approved    by    the    head    of 
department  and  then  returned  to  the  purchasing  agent, 
who   attaches  same  to  the    invoice  which   he  has   held 
awaiting  the  arrival  of  the  goods  as  per  the  return  of 
the  duplicate  or  arrival  notice.      The  invoice,  with  the 
duplicate  or  arrival  notice   attached,  is  then  forwarded 
to    the     accounting     department.    '  In    this    case,    the 
invoice  itself   does   not   bear   any  evidences   of  official 
routine  or  handling.     This  system  at   first  blush  seems 
attractive,  and    with   a   company   of   the   average    size 
fills    the    necessity    fairly  well ;  and    those    adopting    a 
similar    scheme    are   to    be   congratulated,    although    a 
careful  and  wide   experience,  where   the    purchases  are 
many,  the  material   handled   considerable,  the   invoices 
numerous,  will  justify  the   adoption    of  the   first-men- 
tioned    system, —  the     disposition     invoice    sheet     and 
making  the  invoice  itself  show  its  own  history. 

Employees,  in  the  receiving  of  material  (said  em- 
ployees having  been  previously  supplied  with  an  arrival 
notice),  are  too  prone  to  check  said  material  carelessly, 
and  as  the  arrival  notice  already  shows  the  list  of 
material,  this  list  and  the  material  are  too  often  taken 
for  granted  as  corresponding,  and  nobody  is  the  wiser, 
and  many  a  so-called  arrival  notice  is  ostensibly 
checked  and  approved  on  faith — not  really  checked; 
but  when  the  employee  without  previous  knowledge 
is  obliged  to  list  the  material   he   receives  in  a  simple 
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receiving  book,  and  is  obliged  to  check  this  receiving 
book  personally  with  the  head  of  department,  who 
holds  the  arrival  invoice,  the  constant  espionage  of  the 
superior  has  its  influence,  as  it  must  be  constantly 
exercised — that  is,  the  employer  is  constantly  on  the 
heels  of  the  employee ;  and  as  a  matter  of  record,  the 
less  number  of  papers  for  filing,  the  better,  the  original 
invoice  showing  on  its  face  the  entire  history  of  the 
transaction,  with  the  proper  approvals,  is  believed  to 
be  the  wiser  policy,  as  one  piece  of  paper — the  invoice 
itself — tells  the  whole  story. 

The  disposition  invoice  sheet,  or  other  records,  after 
having  served  the  temporary  purpose  of  **  chief 
detectives,"  may  be  relegated  to  the  waste-paper  basket 
after  a  reasonable  time  has  elapsed. 

All  systems  require  human  conscientiousness  of 
purpose,  but  that  system  which  forecloses  on  this 
human  conscientiousness  the  oftener,  generally  com- 
mends itself  to  the  experienced  operator,  and  the 
reputable  employee  always  shortly  afterward  advocates 
this  scheme,  as  it  places  responsibility,  thereby  avoiding 
the  bane  of  business — friction. 

accounts    payable    and    voucher    system 

(disbursements) 

There  are  more  voucher  systems  and  forms  of 
vouchers  than  there  are  enterprises,  and  as  **  simplicity" 
is  our  watchword,  let  us  bring  to  the  front  the 
epitome  of  simplicity,  permitting  the  greatest  possibility 
of  expansion,  combined  with  the  greatest  scope  of 
information,  and  this  from  an  operating  standpoint 

In  dealing  with  purchases,  we  have  brought  the 
invoice,  duly  approved,  into  the  accounting  department 
fold.  The  moment  invoices  reach  the  accounting 
department   they    should    be    at    once    posted    to   the 
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credit  of  the  proper  vendors  account  in  the  accounts 
payable  sub-ledger  (Form  **  P ").  The  form  submitted 
is  fairly  representative,  being  a  loose-sheet  ledger,  with 
two  sets  of  covers,  one  for  active,  the  other  for  trans- 
ferred accounts.  It  is  generally  conceded  to-day  that 
it  is  a  wiser  policy  to  keep  a  ledger  account  with 
each  vendor,  and  not  place  your  dependence  altogether 
upon  the  voucher  system  or  register  of   disbursements. 

The  accounts  payable  sub-ledger  can  be  utilized  to 
show  many  valuable  points  of  information,  such  as 
original  requisition  number  and  the  expense  account 
number  charged,  saves  many  special  statements,  and 
much  time  in  the  hunting  up  of  vouchers  or  records; 
and  it  is  believed  every  company  owes  sufficient 
attention  to  a  vendor  to  do  him  at  least  the  courtesy 
of  keeping  a  separate  account  with  said  vendor,  which 
account  can  not  be  handled  and  checked  with  ven- 
dor's books  so  satisfactorily  by  depending  altogether 
on  the  voucher,  the  invoice  book,  or  the  disburse- 
ments register.  An  accounts  payable  sub-ledger,  prop- 
erly handled,  acts  as  a  safeguard  as  to  posting  duplicate 
bills.  It  also  gives  quick  information  as  to  the 
amount  of  purchases  made  from  any  one  vendor  after 
any  given  period,  and  to  what  accounts  the  amount 
was  chargeable.  The  loose-sheet  system  avoids  the 
transferring  of  names,  and  by  following  a  sequence  of 
account  numbers,  the  account  of  any  one  vendor  is 
combined  for  any  scries  of  months  or  years.  Invoices 
as  posted  are  stamped  '*  Posted  "  and  tiled  in  a  vertical 
cabinet,  a  separate  receptacle  or  filing  place  being 
reserved  for  each  vendor. 

At  given  periods,  or  at  such  times  as  suggest 
advantageous  working,  the  vouchering  begins.  Special 
vouchers  are,  of  course,  issued  from  time  to  time  as 
requirements  demand,  and  handled  on  the  spur  of  the 
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moment,  but  90  per  cent  of  all  vouchers  can  be 
styled   **  regular,"  and   should  be  handled  methodically. 

The  voucher  clerk  should,  as  a  rule,  keep  the 
accounts  payable  sub-ledger,  and  with  the  vendor's 
accounts  in  this  sub-ledger  before  him  (all  invoices  to 
date  having  previously  been  posted),  the  voucher  clerk 
simply  copies  the  date  of  invoice,  the  amount  of  invoice, 
and  the  account  to  which  it  is  a  charge,  on  the  face  of 
the  voucher  (Form  **Q").  If  there  are  too  many 
invoices  for  the  face  of  the  voucher,  these  invoices  are 
posted  to  the  voucher  schedule  (Form  **  R "),  and 
the  clerk  simply  writes  on  the  face  of  the  voucher 
(Form  **Q")  **For  Bills  Rendered  as  per  Schedule 
Attached."  Ninety^  per  cent  of  the  vouchering  is  thus 
done  direct  from  the  accounts  payable  sub-ledger. 

When  the  vouchering,  or  any  part  of  it,  is  com- 
pleted, the  auditor  takes  the  voucher  and  consecutively 
removes  the  respective  invoices  concerning  same,  as 
wanted,  from  the  vertical  file  interested,  and  audits 
each  invoice,  date,  amount  of  charge,  and  certifies  as 
to  the  correctness  with  his  signature,  thereby  proving 
the  voucher  clerk's  work  and  all  the  accounts  in  the 
accounts  payable  sub-ledger.  The  invoices  are'  at  the 
same  time  stamped  with  the  voucher  number  and 
placed  back  in  their  respective  places  in  the  vertical 
file.  The  vouchers  are  then  entered  in  the  voucher 
record  or  register  of  disbursements,  as  explained 
further  on. 

At  such  time  as  practice  suggests,  checks  are  drawn, 
and  vouchers  with  checks  attached  are  passed  along  to 
the  proper  executives  for  signature  ;  the  vouchers  and 
voucher  schedules,  being  printed  in  copying  ink,  are 
copied  in  a  special  tissue  impression  book  (to  provide 
for  reproduction  in  case  of  loss)  ;  the  pages  of  said 
book  corresponding   with   the   number   of   the  voucher 


saves  ;ill  indexing;.  Thf  vouchers,  with  checks,  togeth 
willi  piiiitcd  return  envelopes  enclosed,  are  then' mailo 
to  the  vendor. 
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As   9000    as    the    v-micher.    duly    received    by    the 
>  K  w<«i(*>si  And  retwmed,  the  invoices  interest- 
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ing  said  voucher  are  removed  from  the  vertical  file 
and  are  at  once  firmly  fastened  together,  with  the 
cancelled  check,  and  the  voucher  is  then  filed  flat,  as 
per  consecutive  numbering,  in  special  voucher  box  in 
the  vault.  Inasmuch  as  the  accounts  payable  sub- 
ledger  is  so  explicit  in  itself,  it  is  not  often  necessary 
to  refer  to  the  invoices  and  vouchers  for  subsequent 
information.  Therefore,  the  voucher  files  remain  in 
generally  better  condition. 

The  consensus  of  opinion  points  to  the  advisability 
of  so  printing  the  voucher  (Form  **Q")  that  the  face 
of  the  voucher  shall  provide  for  all  information  or 
writing — the  listing,  the  distribution  charge,  the  signa- 
tures, the  receipting — and  when  any  considerable 
amount  of  distribution  (such  as  pay-rolls)  is  necessary, 
a  special  distribution  schedule  (Form  **  S ")  can  be 
used  in  connection  with  the  voucher. 

It  certainly  is  inconvenience  personified  to  be 
obliged  to  turn  any  form  at  all  angles,  either  to  write 
thereupon  or  to  attach  signatures,  and  the  less  the 
back  of  any  form  is  used,  the  better.  The  face  should 
show  everything  at  a  glance.  Executives  do  not  desire 
to  figuratively  stand  on  their  heads,  or  turn  several 
ways  at  once,  either  to  sign  or  to  observe  necessary 
details,  and  if  the  accounting  people  would  only  forget 
themselves  more  and  study  the  tempiis  fugtt  motto 
from  the  viewpoint  of  the  operating  official,  accounting 
would  sooner  become  a  fine  art.  The  average  oper- 
ating official  wants  to  read  while  he  runs,  and  he  is 
not  pleased  to  perform  unnecessary  **  stunts,"  or  twist 
himself  inside  out  in  order  to  observe  what  should  be 
presented  to  him  as  plain,  unvarnished  facts. 

To  gain  the  respect  and  co-operation  of  the  operat- 
ing and  executive  officials,  study  to  furnish  them  with 
the   plain    table   d'hdte   of   horse-sense   all  on   the  face 
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side,  and,  if  you  please,  keep  the  hieroglyphics  of  the 
h  la  carte  double-faced  plan  in  the  accounting  depart- 
ment ;  and  your  reporter,  gentlemen,  is  basing  this 
entire  report  from  the  standpoint  of  the  operating  and 
executive  official.  They  are  the  people  the  stockhold- 
ers look  to  to  run  the  business — not  the  bookkeepers — 
and  your  reporter  would  rather  please  an  aggregation 
of  operating  or  executive  officials,  and  give  them  what 
they  want,  than  humor  the  whole  tribe  of  bookkeepers 
on  points  of  this  kind — and  your  reporter  is  known  to 
have  a  very  soft  spot  in  his  anatomy  for  book- 
keepers, too. 

The  bookkeeper,  who  will  **fall  off  his  perch" 
once  in  a  while  and  take  a  peek  at  things  as  they 
are  through  the  spectacles  of  the  operating  official, 
will  have  his  eyes  opened  to  his  own  prospective 
advantage.  This,  perhaps,  is  a  little  digression,  but  it 
is  wise  to  stir  the  animals  up  now  and  then,  as  it  is 
depressing  to  stand  on  one  leg  too  long. 

THK     VOUCHER     RECORD     (REGISTER     OF     DISBURSEMENTS) 

The  form  of  voucher  record,  or  rejjister  of  disburse- 
ments (Form  **T"),  submitted  herewith,  was  selected 
because  it  embraced  the  widest  scope  of  business  activ- 
ity, and  the  requirements  of  the  street  railway,  the 
lijrhting  company,  the  gas  company,  the  express  com- 
pany, the  heating  company  and  water-power  company 
are  all  included  in  one  form  or  system,  the  classifica- 
tion utilized  being  the  standard  system  of  street-rail- 
way accounting,  and  the  uniform  classification  of 
electric-lighting  accounting,  and  special  local  classifica- 
tion in  regard  to  gas,  express,  hot-water  heating  or 
water-supplying  companies ;  so  the  scheme  is  hot  a 
lonesome  one,  as  being  confined  or  limited  to  any  one 
line  of  business. 
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As  soon  as  the  invoices  have  been  checked  and 
the  voucher  approved  by  the  disbursement  auditor  or 
clerk,  the  vouchers  are  entered  in  the  register  of 
disbursements  in  numerical  sequence,  and  the  totals 
are  also  posted  to  the  special  classification  number  in 
the  abstract  of  expenditures. 

Now,  gentlemen,  the  register  of  disbursements, 
and  its  twin  brother,  the  abstract  of  expenditures 
(Form  **  U  "),  are  very  valuable  adjuncts  to  a  properly 
conducted  accounting  department,  and  no  one  can 
harshly  criticize  a  consummation  of  methods  that  will 
embrace  within  itself  an  accounts  payable  sub-ledger 
system,  a  vouchering  system,  and  a  distribution  system 
of  expenditures,  such  as  will  take  microscopic  care  of 
the  expenditures  of  millions  of  money  per  annum  for 
the  construction  and  operation  of  a  formidable  array 
of  all  kinds  of  stations  and  substations,  as  interesting 
a  lighting  business,  a  merchandising  business,  a  con- 
tracting business  and  a  repair-shop  business,  and  have 
all  this  disbursement  w^ork  performed  at  the  minimum 
of  expense  and  the  maximum  of  efficiency ;  and  your 
reporter  is  advised  of  instances  where  a  street  railway, 
lighting  company,  water  company,  gas  company — 
combined  enterprises  of  no  mean  magnitude — are 
being  most  successfully  and  similarly  served  ;  and  when 
you  consider  this  minimum  of  expense,  and  this  maxi- 
mum result  of  efficiency,  and  that  the  operating 
officials  are  the  happiest  individuals  in  the  bunch,  it 
is  generally  believed  that  a  thoroughly  practical  system 
has  perhaps  been  evolved — a  system  that  is  just  as 
simple,  and  proportionately  inexpensive  and  practical, 
for  the  little  fellow  as  for  the  big  fellow,  the  only 
difference  being  that  the  **  big  fellow "  fills  up  a  few 
more  pages. 

The  register  of  disbursements  (Form  **T")  explains 
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itself,  as  it  simply  provides  the  skeleton  of  consecutive 
general  ledger  headings  or  classification  groupings  of 
all  expenditure  accounts,  such  groupings  as  would 
naturally  appear  on  the  monthly  statement  or  balance 
sheet.  But  the  abstract  of  expenditures  (Form  **  U  ") 
supplies  the  detail  of  each  classified  account,  a  certain 
group  of  consecutively  classified  accounts  proving  with 
the  one  or  skeleton  column  in  the  register  of  disburse- 
ments representing  the  same   identical  group. 

The  great  saving  of  time  and  the  efficacy  of  the 
scheme  lie  largely  in  the  remarkable  elasticity  of  the 
abstract  of  expenditures,  as  the  distribution  of  expenses 
for  any  number  of  stations,  or  any  number  of  varied 
enterprises,  is  embodied  in  the  smallest  possible  space  ; 
the  stations  may  multiply  indefinitely,  or  the  enter- 
prises breed,  and  all  that  is  necessary  is  to  add  the 
respective  number  of  self-indexing  sheets,  and  one 
small  book  on  one  small  desk,  and  one  intelligent 
clerk,  will  take  care  of  an  amount  of  classified  distri- 
!)ution  wholly  impossible  to  conceive  of  if  the  actuality 
has  not  been  o!)served. 

The  abstract  of  expenditures  (Form  **U")  is  a 
loose-sheet  affair,  with  a  set  of  active  covers  and  a  set 
of  corresponding  transfer  or  **dead''  covers. 

It  will  1)0  noticed  that  each  sheet  has  a  set  of 
numbers  on  the  edge.  luich  set  of  numbers  corre- 
sj)()n(ls  with  a  gr()U[)ing  of  classified  accounts,  as  set 
forth  in  (lu*  skeleton  of  the  register  of  disbursements. 
The  cliM'k  sim|)ly  takes  a  single  sheet,  and  with  a  pair 
of  scissors  cuts  out  all  the  numbers  on  the  sheet 
except  th(*  toj)  number.  On  the  second  sheet  he  cuts 
out  all  the  numl)ers  exeeju  the  two  top  numbers.  On 
thr  third  sheet  he  cuts  out  all  except  the  three  top 
numbers  and  so  on  until  he  reaches  the  last  number, 
the  lowi'st  number  on  each  sheet  thus  cut  being  the 
index   number  concerned. 
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When  you  place  a  specific  group  of  these  sheets 
together  in  sequence,  you  have  absolutely  a  self-index- 
ing arrangement,  combining  and  grouping  a  specific 
set  of  expense-account  numbers,  indexing,  too,  on 
both  sides,  and  as  one  sheet  is  filled  up  the  clerk 
simply  cuts  another  sheet,  exactly  like  it,  and  places 
it  directly  after  its  counterpart — and  so  on,  ad  in- 
finitum;  and  when  any  number  of  index  sheets, 
bearing  the  same  index  number,  are  filled  up,  these 
sheets,  or  any  part  of  them,  are  removed  to  the 
transfer  file.  There  is  also  a  recapitulation  sheet  which 
is  used  to  assemble  the  totals  of  each  specific  grouping, 
this  sheet  proving  the  respective  skeleton  amount  in 
the  register  of  disbursements  (see  Form  **  V "  for 
comparative  monthly  statements). 

And  what  does  this  signify?  It  means  that  in 
one  small  book  you  have  obtained  an  amount  of 
classification  covering  the  scope  of  all  your  classified 
accounts,  no  matter  how  many  stations  you  have,  or 
how  many  enterprises  you  include.  You  have  the 
opportunity  of  comparing  the  showing  of  any  one 
month  with  the  show^ing  of  the  same  account  for  any 
number  of  previous  months,  as  all  the  account  number 
twos  are  together,  all  the  account  number  threes  are 
together — and  so  on  indefinitely.  You  can  take  any 
of  the  accounts  temporarily  out  of  the  abstract  and 
confer  as  to  the  showing  thereon  with  any  head  of 
department,  without  said  head  of  department  knowing 
anything  about  any  other  account.  Any  number  of 
clerks,  in  the  stress  of  circumstances,  can  be  utilized 
in  collecting  or  tabulating  expenditure  information  at 
any  one  time,  as  the  book  can  be  split  up  in  sections ; 
and,  generally,  you  arc  dealing  with  the  original  tabu- 
lation taken  direct  from  the  voucher  and  the  invoice, 
and   therefore  an  untold    amount    of    special    statement 
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work,  or  typewriter  tabulated  copies,  is  avoided,  as 
heads  of  (l<?partments  can  see  the  original  facts  for 
lhems<rlv(^s  and  on  these  satne  sheets. 

In  conclusion,  your  re|)orter  wishes  to  thank  the 
members  who  responded  to  the  circular  letter,  and  to 
vvhos<'  assistance  much  of  the  value  of  this  report  can 
he  ascribed. 

I^ven  after  rep(*ated  l)oilinff  down  in  its  prepara- 
tion, the  lenjith  of  this  reiH)rt,  with  the  forms  sub- 
mitted, is  o|)en  to  criticism,  and  the  time  taken  in 
present inji  must  have  taxed  the  patience  and  good 
nature  of  the  association,  and  your  reporter  therefore 
thanks  the  association  for  its  courtesy  and  attention. 

All  of  which  is  respectfully  submitted. 

.   \Vai  rKK   M.   A\ Tiu>NV,  Reporter. 
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Application  for  Electric  Current* 

The  undersigned  hereby  makes  application  to  the  Somerville  Electric  Light  Co. 
for  a  supply  of  electric  current  at  the  premises  named  beloiv  and  agrees  to  use  the 
same  in  accordance  with  the  Company s  Rules  and  Regulations,  receipt  of  a  copy 
of  which  is  hereby  acknowledged j  and  agrees  to  pay  for  the  same  at  the  Covipanfs 
regular  rates  until  such  time  as  the  supply  shall  be  discontinued. 


'    Signed 
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We  ask  a  deposit  from  every  applicant. 
Please  sign  and  return  witli  tlie  deposit. 
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DISCUSSION 

The  President  :  It  is  hardly  necessary  for  me  to  say 
anything  regarding  this  report ;  you  have  manifested  your 
appreciation  of  it  by  your  applause.  The  report  has  been 
written  largely  for  the  benefit  of  operating  officials,  because 
Mr.  Anthony  knows  from  experience  the  value  of  the 
system  of  accounting  that  he  has  outlined  to  an  operating 
official.  The  report  is  open  for  discussion,  and  I  hope  we  shall 
have  a  free  discussion  of  it.  After  the  discussion,  Mr.  Anthony, 
I  am  sure,  will  gladly  answer  any  questions.  The  gentleman 
who  is  responsible  for  suggesting  this  report  is  an  ex-president 
of  the  association,  so  I  think  it  is  proper  that  he  should  lead 
the  discussion.     I  refer  to  Mr.  Henry  L.  Doherty. 

Mr.  Doherty  :     I   do   not   know  whether  you  expect  me 
to  make  an  apology  for  suggesting  the  subject  or  not.     I  do 
not  think  it  is  necessary.     This   report  deals  with  an  essential 
part   of   our   business,  the    part  upon   which    every  other  part 
depends.     I  feel  glad  to  have  been  the  suggester  of  this  line 
of  work,  because   I   believe   it  is  very  important,  and   I  con- 
gratulate Mr.  Anthony  upon  his  very  successful  paper.     I  did 
not  expect  to  be  called  upon  to  discuss  the  paper,  and,  neces- 
sarily,   my    remarks  will   be    more   or   less    disconnected.     On 
page  90,  Mr.  Anthony  refers  to  meter  cards,  and  says  that  the 
meter  cards  are  the  original  source  of  entry,  easy  to  carry  and 
easy  to  refer  to,  but  wisely  do  not  contain  any  information  as 
to  discounts  or  billing;  and  valuable  to  refer  to,  because  said 
meter  cards,  as  a  rule,  contain  several  previous  months'  read- 
ings, which   are  a  guide  to  the  meter  reader  in  taking  future 
readings  off  the  dials.     We  do  not  use  this  system  to  which  Mr. 
Anthony   refers,  and   we  do  use  a  system   that  is   intended  to 
prevent  just  what  he  wants  to  secure.     We  do  not  want  our 
meter  readers  to  know  what  the  previous  reading  has  been  ; 
there   is   a   likelihood  of   their  estimating   the    meter   reading 
rather  than  making  the  reading.     We  use  a  card  gotten  up  by 
"Mr.    S.    J.    Glass,  formerly   secretary    of    the    Milwaukee   Gas 
Light  Company  and  now  auditor  of  the  American  Light  and 
Traction  Company,  and  it  is  so  arranged  that  when  the  meter 
readings   have    been    copied  the  reading  is  torn   off;    we  also 
inspect  these  cards  at  frequent  intervals  to  see  that  the  men 
are  not  turning  over  the  cards  and  putting  the  reading  down 
on  some  place  where  it  will   be   left.     To  guard   still   further 
against  estimates  in  meter  reading,  we  have  twenty-odd  meter- 
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reading  routes,  and  we  divide  them  into  five  main  districts. 
Every  month  the  meter  reader  on  one  district  is  rotated  to 
the  next,  and  in  that  way  we  protect  ourselves  from  fraud  ; 
and  you  will  find  on  record,  especially  in  gas  literature,  some 
gigantic  frauds  perpetrated  by  meter  readers. 

Mr.  Anthony  speaks  of  the  addressograph  machine.  I  do 
not  know  whether  he  means  the  rubber-type  machine  or  not ; 
I  have  not  found  the  rubber-type  machine  entirely  satisfactory. 
In  our  plants  some  of  our  men  still  use  the  addressograph,  but 
I  think  we  have  recently  adopted  the  linotype  machine  more 
generally,  having  our  names  and  addresses  made  on  it  ;  and 
that  gives  a  very  clear  impression,  which  you  do  not  get  with 
the  rubber  stamps.  Of  late  we  have  been  using  the  Elliott 
addressing  machine  in  one  or  two  of  our  plants.  It  is  the 
cheapest  machine  to  buy,  and  it  also  proves  the  cheapest 
machine  to  maintain  and  operate.  *  It  is  a  machine  in  which 
the  name  is  cut  out  on  a  paper  stencil,  mounted  in  a  tin 
holder,  and  an  automatic  arrangement  is  used  to  push  the 
stencils  through  and  print  the  bills. 

The  Thexton  sealing  machine  is  new  to  me,  and  I  should 
like  to  know  more  about  its  operation  and,  if  permissible,  its 
speed,  cost,  and  so  forth.  Mr.  Anthony  speaks  of  the  arith- 
mometer. We  have  fixed  up  our  arithmometers  with  a  foot 
lever,  and  now  we  have  a  sketch  out  and  are  going  to  send  it  to 
the  Burroughs  people,  to  have  another  set  of  printing  keys  run 
down  the  side  to  print  the  folio.  This  is  now  done  by  hand, 
and  it  can  be  done  more  quickly  and  accurately  by  putting  in 
the  folio  when  the  amounts  are  drawn  off.  I  think  it  would  be 
a  valuable  addition  to  the  Burroughs  arithmometer,  for  central- 
station  work  at  least,  and  I  do  not  know  why  not  for  other 
business.  We  find  the  Burroughs  arithmometer  slower  than  it 
should  be.  The  slowness  of  operation  of  the  keys,  when  com- 
pared with  the  typewriter,  does  not  give  results  as  fast  as  we 
want  them,  and  we  are  making  plans  to  increase  the  speed. 
There  are  some  machines  used  in  this  work  that  have  not  been 
touched  upon  by  Mr.  Anthony,  and  I  believe  it  would  be  of 
value  to  the  members  to  have  them  spoken  of,  at  least.  I  am 
not  familiar  enough  with  the  work  even  to  call  some  of  them  by 
name,  or  to  tell  who  the  manufacturer  is.  There  is  one  calcu- 
lating machine  now  on  the  market,  made  by  the  Spectator  com- 
pany, of  95  William  street,  New  York.  It  is  an  excellent 
machine  for  multiplication  and  division  work.     The  most  valu- 
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able  machine  for  central-station  work  has  not  been  touched 
upon,  and  that  is  the  Thacher  calculator.  This  gives  you 
accuracy  in  division  and  multiplication  work  and  in  propor- 
tional work  to  the  fifth  place,  and  has  advantages  over  the 
Baldwin  calculator — and  numerous  other  calculating  machines 
— where  you  are  working  with  one  divisor.  You  set  your  rule 
on  the  one  divisor  and  you  can  then  read  off  cost  per  thousand 
or  cost  per  kilowatt  for  any  of  your  aggregate  amounts  without 
resetting  your  machine.  It  is  an  extremely  rapid  machine  and 
is  sufficiently  accurate  for  almost  all  kinds  of  work,  and  is 
always  sufficiently  accurate  for  reduction  work. 

I  believe  that  the  broad  principles  of  accounting  among 
central-station  men  are  vet  to  be  learned.  The  business  has  so 
many  other  branches  that  demand  time  that  I  doubt  if  the 
managers  of  central  stations  have  given  this  subject  as  much 
thought  as  it  deserves  or  as  much  as  is  generally  given  to  it  in 
other  classes  of  business  ;  there  have  been  so  many  new  matters 
forced  upon  us  in  other  directions  that  this  branch  of  the  work 
has  been  neglected.  I  will  take  one  example  :  It  has  been 
customary  to  take  the  generating  cost,  add  it  up  and  divide  by 
the  total  kilowatts  generated  from  the  central  station,  and  say 
that  the  cost  is  so  much  per  kilowatt,  regardless  of  whether  it 
is  arc  current,  alternating  current,  or  direct  current.  In  some 
work  I  once  did  in  a  central  station,  I  found  that  the  direct  arc 
current  was  costing  over  two  cents  and  the  alternating  current 
less  than  one  cent,  and  the  average  cost  was  1.52  cents.  If  we 
should  take  1.52  and  assume  that  we  could  sell  direct  arc  current 
at  a  little  above  that  price  and  come  out  whole,  we  should  lose 
money.  If  we  missed  getting  a  customer  because  we  believed 
the  alternating  current  was  1.52,  we  should  be  losing  by  the 
omission.  That  illustrates  fairly  well — although  I  think  I  could 
find  a  more  forcible  example — the  value  of  intelligent  account- 
ing— something  more  than  bookkeeping.  A  bookkeeper  means 
a  copyist,  and  what  we  want  is  a  thinking  man  to  do  our 
accounting.  The  result  of  that  investigation  is  that  to-day 
we  divide  every  class  of  current  and  ascertain  its  cost  independ- 
ently, as  we  divide  many  other  things,  and  the  average  man, 
looking  at  our  report,  would  imagine  that  it  entailed  a  great 
amount  of  labor.  It  does  take  some  effort,  but  we  can  get  our 
report  out  quicker  than  he  gets  his  out,  no  matter  how  short  it 
is,  by  the  system  that  underlies  it,  and  we  do  not  think  it  costs 
us  any  more  to  get  it  out.     It  did  cost   more  to  organize  the 
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system  originally,  and  the  employment  of  many  more  peoples 
but  to-day  it  goes  on  and  does  not  require  any  more  intelligence 
than  the  old  form  of  report  required.  Two  days  from  the  last 
meter-reading  date  we  have  our  net  earnings,  and  we  know 
what  our  earnings  are.  We  tabulate  a  great  many  things — 
errors  of  meter  readers  and  errors  of  bookkeepers — and  keep 
them  on  the  bulletin  board  in  the  bookkeepers'  room.  We  have 
reduced  the  mistakes  on  meter  readings  from  eight  mistakes 
per  thousand  meters  read  to,  1  think,  1.4,  which  has  been  the 
average  for  the  last  six  months.  Most  of  the  errors  of  the 
meter  readers  are  caught  by  the  bookkeepers. 

Mr.  Anthony  :  Mr.  Doherty  refers  to  the  different  ideas 
in  meter  cards.  My  experience  in  bookkeeping,  as  well  as  in 
everything  else,  has  been  that  the  more  the  employees  know, 
the  better  off  you  are  ;  and  unless  you  are  willing  to  give  full 
information  to  all  the  people  inside  of  your  office,  in  the  same 
way  that  I  am  giving  information  to  this  association,  you  do 
not  progress  very  fast.  Our  meter  readers,  therefore,  are 
expected,  if  a  meter  reading  was  small  last  month  and  large  this 
month,  to  look  again.  Our  meter  department  has  no  book- 
keepers to  check  up  this  matter  for  them.  Our  experience  has 
been  that  of  the  two  systems,  with  a  very  large  company,  we 
are  much  inclined  to  the  system  we  pursue.  Our  system  has 
drifted  into  the  '* knowledge"  situation,  and  we  find  that  by 
employing  a  better  class  of  meter-reading  men  we  obtain  better 
results.  The  more  they  know  of  the  customers'  readings,  the 
more  are  they  liable  to  ascertain  anything  peculiar  about  the 
meter  or  the  reading,  bringing  information  immediately  to  the 
meter  department  that  the  reading  is  too  large  or  too  small,  or 
that  it  varies  from  the  previous  one.  I  think  it  is  about  as 
broad  as  it  is  long.  Your  system  probably  has  advantages,  as 
well  as  ours,  but  our  business  is  based  upon  the  principle  of 
giving  the  greatest  amount  of  information  to  the  greatest 
number  of  our  employees  along  the  lines  of  their  respective 
work. 

As  to  the  sealing  machine  :  this  machine  will  seal  the 
envelopes  as  fast  as  any  one  can  pass  them  through.  It  is  a 
small  machine,  with  a  bedplate  and  blade  along  which  the 
envelope  slips,  automatically  feeding  itself,  and,  as  I  recall,  the 
cost  is  about  $30.  A  sponge  does  the  sealing.  The  addresso- 
graph  is  a  good  deal  like  other  similar  devices  ;  if  it  is  not  kept 
clean  and  in  good  shape  it  is  not  satisfactory.     We  have  ours 
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kept  to  the  pink  of  perfection.  I  omitted  considerable,  in  read- 
ing the  report,  as  to  its  functions.  It  runs  through  the  whole 
gamut.  It  prints  the  meter  cards,  prints  the  meter  sheets, 
prints  the  bill-heads,  then  the  envelopes  ;  and  it  prints  also  the 
customers'  ledger  sheets.  We  make  the  addressograph  do  a 
large  amount  of  work,  therefore  we  keep  it  in  first-class  condi- 
tion. 

My  experience  with  the  linotype  was  that  we  could  not 
get  speed.  The  Boston  company,  I  understand,  had  the  lino- 
type for  some  time,  but  discarded  it  for  the  addressograph. 
In  our  accounting  and  other  departments  we  have  innumerable 
small  devices,  too  numerous  to  mention.  I  think  we  have 
nearly  all  of  which  Mr.  Doherty  has  spoken.  To  have  in- 
cluded many  more  of  these  would  have  made  the  report  too 
long. 

The  following  question  has  just  been  handed  me  by  a 
member  of  the  association  :  *'  I  was  under  the  impression  that 
a  loose-leaf  ledger  was  not  considered  legal  evidence  in  a  court 
of  justice  on  account  of  the  possibility  of  altering  records  or 
replacing  the  entire  record."  If  you  have  only  the  loose-leaf 
ledger,  what  can  the  court  do  ?  Does  it  not  become  the 
original  book  of  entry  ?  We  have  never  had  any  trouble  in 
numerous  court  cases  we  have  had  where  the  loose-leaf  ledger 
formed  the  only  record.  I  do  not  think  it.  cuts  much  figure. 
We  would  rather  lose  a  bill  once  in  a  while  than  go  back  to 
the  old  method  of  keeping  accounts  in  bound  books.  All  the 
general  books  of  the  company — such  as  general  cash,  journal 
and  ledger,  are  bound,  and  we  rarely  ever  have  occasion  to 
take  a  loose-leaf  register  into  court.  We  generally  take  our 
bound  books,  if  necessary.  The  bound  books  are  not  the 
company's  operating  or  detail  books. 

Mr.  Samukl  Insull  (Chicago):  I  do  not  know  that  I  can 
throw  any  light  on  this  subject,  except  as  to  one  point,  which  Mr. 
Anthony  only  referred  to  by  inference.  After  all,  all  accounting 
systems  are  for  the  purpose  of  finding  out  where  you  stand, 
and  my  experience  in  dealing  with  small  properties — and  I  deal 
as  extensively  with  small  properties  as  with  large  ones — is  that 
you  seldom  find  men  running  a  small  property  with  the  slight- 
est idea  of  what  it  is  doing— whether  it  is  making  or  losing 
money.  I  have  struck  cases  of  electric-lighting  plants  where 
the  owners  thought  they  were  losing  money  and  were  glad  to 
get  out,  whereas  if  they  had  had   a  decent  accounting  system 


145 

and  had  followed  proper  methods  and  knew  where  they  stood 
from  month  to  month,  they  would  have  found  they  were  making 
money.  We  who  are  operating  the  larger  companies  are  inter- 
ested in  the  value  of  the  securities  of  the  smaller  companies, 
for  the  reason  that  if  small  electric-lighting  properties  gener- 
ally stand  high  in  the  public  esteem,  it  helps  the  value  of  the 
securities  of  the  larger  companies.  This  is  invariably  the  case 
in  any  line  of  business.  As  there  are  such  a  large  number  of 
our  members  who  operate  small  properties,  I  would  recommend 
that  they  get  a  first-class  accounting  system  in  operation.  1 
■  have  in  mind  the  case  of  a  small  property  not  far  from  this  citjr. 
The  manager  of  the  company  was  in  trouble  with  the  board  of 
directors  because  of  his  poor  showing.  I  got  Mr.  Anthony  to  put 
a  decent  system  of  accounting  in  the  company.  At.  first  the 
manager  objected,  and  said  there  was  too  much  red  tape  ;  it 
was  all  right  for  a  big  company,  with  a  big  gross  income,  but 
it  would  not  do  for  them.  After  three  months'  running  he 
thought  it  the  greatest  boon  ever  conferred  upon  him,  and  he 
has  gone  up  greatly  in  the  estimation  of  his  directors  because 
he  can  show  month  by  month  exactly  where  he  stands.  I 
desire  especially  to  bring  this  side  of  the  subject  to  the  atten- 
tion of  the  gentlemen  here,  representing  properties  with  income 
varying  from  $25,000  to  $50,000  per  year.  I  have  bought  ten 
such  properties  in  the  past  year,  and  in  not  one  of  them  was 
there  a  proper  system  of  accounting.  It  was  to  my  advantage 
in  a  number  of  cases  that  there  was  not  a  good  system  of 
accounting ;  it  enabled  me  to  buy  the  properties  for  less  than 
they  were  really  worth.  I  can  give  no  better  reason  for  spend- 
ing money  in  establishing  a  system  of  accounts  that  will  show 
you  exactly  where  you  stand,  exactly  what  your  income  is,  and 
what  the  profit  and  loss  is  every  month  in  the  year.  1  think  we 
owe  Mr.  Anthony  our  sincere  thanks  for  the  report  that  he  has 
read.  I  do  not  know  that  I  have  listened  with  more  interest  to 
any  paper  of  this  character  read  at  a  convention  of  this  or  any 
other  association  than  to  the  report  of  Mr.  Anthony.  I  hesitate 
to  say  this  concerning  some  one  connected  with  our  company, 
but  I  feel  so  strongly  on  the  subject  that  I  hope  you  will  excuse 
me  for  blowing  our  own  horn. 

The  President  :  I  have  seen  many  members  making 
ooteSy  and  I  should  like  to  hear  from  some  of  the  smaller 
companies. 

Mr.  G.  W.  Brine  (Atlanta,  Ga.):  I  want  to  ask  Mr.  Anthony 
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whether  disbursements  that  do  not  come  under  the  head  of 
purchase  of  material,  such  as  contracts  for  labor,  go  through 
the  purchasing  department  or  not.  Does  everything  in  the  way 
of  disbursements  pass  through  that  department? 

Mr.  Anthony  :  I  believe  the  purchasing  agent  of  the  com- 
pany should  be  the  representative  of  the  company  on  the  dis- 
bursement side.  Following  out  that  idea,  if  you  want  to 
succeed  in  accounting  and  know  where  you  are  at,  give  him, 
and  every  official,  the  widest  scope  of  information  ;  do  not  keep 
anything  back.  Tell  your  people  what  a  thing  costs,  as  to  their 
own  work  ;  they  have  no  idea  of  the  commercial  value  of  the 
dollar  until  you  show  them  such  value.  Consequently,  all  our 
contracts  involving  expenditures  go  through  the  purchasing 
department,  although  our  president  or  second  vice-president 
may  make  most  of  said  contracts.  Such  contracts  go  through 
exactly  the  same  routine  as  the  purchase  of  material.  In  that 
way,  one  general  rule  is  made  for  everything.  Woe  to  the 
exception  !  Have  no  exception  ;  you  get  results  in  costs  by 
having  no  exceptions.  In  accounting,  do  not  let  the  exception 
prove  the  rule. 

Mr.  W.  S.  Newman  (Lambertville,  N.  J.):  1  represent  a 
small  plant,  and  read  most  of  our  meters,  and  I  think  it  is  an 
advantage  for  the  meter  reader  to  have  the  previous  readings 
with  him.  I  always  figure  out  the  amount  of  current  used  and 
compare  it  with  that  of  the  previous  month,  and  if  there  is 
much  difference  I  read  the  meter  again  and  find  out  the  cause. 
In  this  way  I  guard  against  mistakes  being  taken  into  the  office 
and  posted  by  the  bookkeeper,  for  we  all  make  some  mistakes. 

Mr.  Hrine  :  There  is  another  question  in  regard  to  Mr. 
Anthony's  report — as  to  invoices  being  sent  to  heads  of  depart- 
ments. We  have  had  a  great  deal  of  trouble  from  invoices  not 
being  returned  when  they  are  sent  out  in  this  way,  on  account 
of  either  having  been  mislaid  or  lost.  Instead  of  sending 
invoices  to  the  heads  of  departments,  the  storekeeper,  or,  in 
cases  where  material  does  not  go  through  stock,  the  head  of  the 
department  that  the  material  is  for,  reports  the  material 
received,  on  regular  printed  form  of  notification  sheet.  If  the 
notification  sheet  is  not  received  promptly,  we  go  after  the 
department  from  which  it  should  come ;  but  the  original 
invoices  do  not  leave  the  purchasing  department,  the  material 
being  checked  up  with  the  notification  sheets. 

Mr.  Anthony  :      If  the  head  of  any  department  is  not  able 
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to  take  care  of  his  invoices,  he  is  not  able  to  take  care  of  his 
department.  Invoices  represent  dollars  and  cents,  and  you 
characterize  the  work  of  the  representative  in  dollars  and  cents. 
The  invoice  represents  cash  in  the  pocket ;  if  the  representative 
can  not  take  care  of  $5.00  in  his  pocket,  he  can  not  take 
care  of  the  invoice.  It  is  a  wise  thing  to  avoid  all  duplication. 
The  invoice  should  bear  on  its  face  a  complete  history  of  the 
transaction,  with  the  necessary  signature  of  each  head  of  depart- 
ment interested.  If  an  invoice  is  held  up  in  our  company  for 
more  than  twenty-four  hours,  there  is  a  row,  and  we  begin  with 
the  president ;  and  the  success  of  that  situation  is  because  the 
president  takes  the  same  medicine  that  he  deals  out  to  sub- 
ordinates, for  subordinates  are  prone  to  follow  in  the  wake 
of  their  superior  officers.  If  the  president  returns  invoices 
promptly,  you  will  find  all  others  doing  so. 

Mr.  p.  a.  Bkrtrand  (SpringtieM,  Mo.):  In  connection 
with  the  handling  of  invoices  and  receiving  material,  the 
material  should  be  examined,  to  see  if  it  is  correct,  before  the 
invoice  is  paid.  If  the  invoice  does  go  through  the  proper 
channel,  the  question  is  whether  the  storekeeper  is  a  competent 
judge  of  the  quality  of  the  material.  There  should  be  some 
method  for  having  the  material  examined  as  well  as  the  invoice. 
I  think  it  is  as  important  that  the  material  should  be  of  proper 
quality  as  that  the  invoice  should  be  correct. 

Mr.  Anthony  :  That  is  exactly  on  the  same  basis  as  the 
other  question.  Get  a  new  storekeeper,  or  stop  buying  material. 
If  you  have  people  in  your  department  who  are  not  able  to 
judge  the  quality  of  the  material — to  whom  you  send  these 
invoices — they  are  not  able  to  make  proper  use  of  the  material. 
Nine-tenths  of  all  our  material  goes  direct  to  the  storeroom 
and  is  receipted  for — simply  the  quantity  that  is  received — and 
there  is  always  some  one  connected  with  ttie  supply  depart- 
ments of  which  I  have  any  knowledge  who  is  able  to  judge  of 
the  quality  of  the  material.  If  there  is  not,  the  mechanical 
engineer  or  the  operating  superintendent,  or  some  one  of  the 
various  other  people,  is  called  in.  They  are  always  interested 
in  getting  the  material  promptly — as  a  rule  the  mechanical 
engineers  are  looking  for  the  material  before  it  comes 
— waiting  for  it ;  therefore  we  have  no  difficulty  of  that  kind 
in  passing  our  material.  I  think  our  purchasing  agent,  Mr. 
Holmes,  may  give  you  more  definite  information. 

Mr.  R.  C.  p.  Holmes  (Chicago):     The  very  reason  why  the 
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invoice  is  sent  to  the  different  departments  is  that  the  men  can 
see  they  are  getting  what  they  ordered  on  the  original  order. 
As  Mr.  Anthony  says,  80  per  cent  of  our  goods  goes  into  the  store- 
room, and  is  examined  there  and  reported  upon  in  the  receipt 
book  and  the  invoice  returned  to  the  office  later  by  the  store- 
keeper. All  material  for  operating  or  small  construction  work 
goes  to  the  construction  foremen  or  engineers,  and  the  invoice 
goes  to  them  for  approval  as  to  quality  and  correctness  of  the 
invoice  generally.  The  invoice  is  not  approved  unless  the 
material  is  as  ordered. 

Mr.  Brine  :  We  get  the  same  results  on  our  notification 
sheets,  which  are  simply  a  report  of  material  received  ;  they 
are  numbered  consecutively.  In  our  case,  also,  about  80  per 
cent  of  the  material  goes  through  the  stock-room  and  is  reported 
on  by  the  stock-keeper.  The  invoice  itself  finally  goes  to  the 
heads  of  departments  for  approval ;  that  is,  the  general  heads. 
The  material  is  reported  upon  on  these  notification  sheets  by 
the  subheads  of  departments  or  by  the  storekeeper. 

The  President  :  Am  I  to  understand  that  the  notification 
sheet  is  a  copy  of  the  invoice  ? 

Mr.  Brine  :  It  is  a  report,  from  the  stock-keeper  or  elec- 
trical engineer,  of  material  received  ;  describing  it,  condition, 
etc.,  but  does  not  give  prices.  The  invoice  remains  in  the  pur- 
chasing department. 

The  President  :  Does  not  your  head  of  department  check 
the  invoice  ? 

Mr.  Brine  :  That  is  checked  by  the  general  head  of 
department. 

Mr.  Anthony  :  That  is  referred  to  in  the  report  by  the 
so-called  "arrival  notice." 

Mr.  B.  a.  Conolly  (Lima,  O.):  I  ask  Mr.  Anthony  if  the 
storekeeper  should  be  under  the  direction  of  the  auditor  of  the 
company  or  under  the  direction  of  the  manager? 

Mr.  Anthony  :  The  auditor  of  the  company  should  have 
general  supervision  of  every  department  relating  to  expendi- 
tures and  receipts.  Regarding  anything  showing  costs, 
receipts,  expenses  or  disbursements,  the  auditor  should  have 
absolute  jurisdiction.  The  storekeeper  should  come  under  the 
direct  jurisdiction  of  the  manager.  He  represents  the  manager 
more  than  he  does  the  auditor.  If  the  storekeeper  does  not 
do  his  work  properly,  the  auditor  should  be  able  to  call  the 
manager  down,  as  well  as  the  storekeeper. 
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Mr.  Conolly  :  Does  the  storekeeper,  as  a  rule,  keep  the 
books  of  stock,  in  and  out,  prices,  and  when  supplies  go  out  ; 
does  he  credit  accounts  in  his  books  and  make  a  monthly 
report  to  the  auditor  or  bookkeeper,  of  the  supplies  used,  for 
credit  in  general  books  ? 

Mr.  Anthony  :  That  is  handled  in  different  ways,  accord- 
ing to  local  conditions,  and  the  best  practice  is  that  which 
brings  all  the  accounting  in  the  accounting  department  proper. 
Our  storekeeper  keeps  no  accounts  except  number,  pounds  and 
feet  of  material  asked  for,  and  the  number,  pounds  and  feet 
received.  Prices  do  not  come  within  his  category.  The  pay- 
rolls are  kept  in  the  same  way  :  number  of  hours  or  days  on 
work  ;  account  number  or  job  number  charged,  and  place  work 
was  done  ;  and  the  man  who  makes  the  pay-roll  is  not  neces- 
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sarily  supposed  to  know  the  wages  received  by  the  men.  In 
that  way  you  concentrate  the  maximum  efficiency  of  each 
department  where  it  belongs.  Do  not  make  mechanical  men 
storekeepers,  or  operating  men  bookkeepers.  Ask  them  for 
the  simplest  possible  information  necessary,  ^«/  i/isisf  on  that : 
number,  pounds  and  feet  ;  hours  of  work  and  class  of  work  the 
hours  were  spent  on.  That  is  all  we  want  of  any  one  outside 
the  accounting  department.  We  in  the  accounting  depart- 
ment furnish  all  other  information  as  to  what  everything  costs 
to  our  people,  as  they  may  be  interested. 

Mr.  Conolly  :  The  reason  why  I  asked  if  the  auditor 
should  have  charge  of  the  storekeeper  is  that  1  have  heard  it 
stated  that  some  managers  are  inclined  to  make  a  record.  That 
is,  on  their  statistical  reports,  where  the  supplies  are  charged 
off  every  month,  four  or  five  hundred  dollars  may  be  omitted, 
and  at  the  end  of  the  year,  when  you  take  an  inventory,  you 
may  be  five  or  six  thousand  dollars  short ;  and  if  a  new  man- 
ager came  in  he  would  have  to  stand  that  deficiency  by  charging 
his  operating  expense  account  with  it. 

Mr.  Samuel  Scovil  (Cleveland):  Any  one  who  knows  any- 
thing about  the  trend  of  affairs,  knows  that  all  executive  officials 
in  any  establishment  of  any  size  realize  that  they  do  not  make 
much  progress  unless  they  know  something  about  the  details  of 
the  business  they  are  managing ;  there  is  only  one  way  to 
ascertain  this,  and  that  is  by  having  a  good  accounting 
department. 

My  principal  object  in  rising  is  to  say  that  central-station 
managers  have  a  grievance  because  the  representatives  of  elec- 
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trical  manufacturing  interests  do  not  consult  the  interests  of  cen- 
tral stations  in  regard  to  representing  the  facts  as  to  central- 
station  costs.  It  may  be  that  this  is  due  to  the  lack  of  knowledge 
and  to  the  fact  that  in  meetings  of  this  kind  they  hear  statements 
that  electricity  is  generated  at  a  cost  of  one  or  two  cents  a  kilo- 
watt, and  they  consequently  infer  that  it  can  be  sold  commercially 
at  three  or  four  cents.  Occasionally  some  theoretical  college  pro- 
fessors, who  imagine  that  they  know  all  the  ins  and  outs  of  the 
central-station  business,  are  also  led  to  make  statements  pub- 
licly, which  delude  many  people,  that  electricity  can  be  gener- 
ated at  one  cent  or  two  cents  per  kilowatt  and  that  it  can 
therefore  be  sold  commercially  to  users  generally  at  a  maximum 
price  of  three  or  four  cents,  or  some  such  ridiculous  figure. 

I  am  at  this  time  up  against  that  particular  proposition. 
The  gentleman  who  sent  a  report  of  this  nature  to  the  Common 
Council  in  Cleveland,  I  happen  to  see  in  this  room,  and  I  should 
be  glad  to  have  him  make  any  remarks  he  sees  fit  in  regard  to  it. 
I  should  like  to  have  him  given  the  privilege  of  the  floor  on  this 
subject.  He  gave  me  the  floor  not  long  since  in  a  municipal 
ownership  convention. 

We  all  know  that  it  is  ridiculous  to  talk  about  selling 
current  to  users  generally  at  any  such  price.  But  it  is  by  such 
misrepresentations — whether  they  be  made  intentionally  or 
through  ignorance  —  that  municipalities  are  deluded  into 
making  large  investments  in  new  electric-light  plants,  and 
injuring  exisiing  properties  that  are  trying  to  do  the  fair  thing 
by  the  communities  they  are  serving.  I  say  this  because  I 
believe  that  central-station  people  should  make  it  a  point  to  b6 
at  least  a  little  cool  toward  these  professors  and  those  manu- 
facturing interests  whose  representatives  misrepresent  the  costs 
of  conducting  the  electric-lighting:  business. 

Mr.  Insull  :  Mr.  Scovil  should  name  the  gentleman  and  let 
us  know  who  he  is.  Mr.  Scovil  represents  too  large  an  amount 
invested  in  the  illuminating  business  to  have  his  statements 
taken  lightly. 

Mk,  Scovil  :  If  the  gentleman  will  give  me  the  privilege  I 
will  name  him  ;  if  he  does  not  give  me  the  privilege  I  will  not 
do  so. 

Profkssor  E.  W.  Bkmis  (Cleveland)  :  I  do  not  know  but 
that  the  reference  was  to  me,  but  I  think  there  was  a  slight 
misunderstanding. 

Mr.  Scovil:  The  statement  I  made  was  that  some  reprt- 
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sentatives  of  manufacturing  companies,  and  professors  con- 
nected with  colleges,  and  elsewhere,  are  often  the  authority  for 
the  statements  publicly  made  that  electricity  is  generated  at  a 
cost  on  the  switchboard  of  one  to  two  cents  per  kilowatt,  and 
that  because  it  can  be  so  generated  it  can  be  sold  at  three  and 
four  cents  a  kilowatt  by  a  central  station  to  its  users  generally, 
and  that  I  had  this  particular  kind  of  proposition  to  deal  with 
at  present. 

Professor  Bemis  :  Since  my  friend  Mr.  Scovil,  for  whom  I 
have  the  greatest  regard,  has  referred  to  it — I  am  here  as  a 
stranger  and  with  your  courtesy — I  will  relate  what  the  circum- 
stances were,  as  I  understand  them,  that  I  may  be  put  right.  I 
think  that  when  Mr.  Scovil  reads  the  report  referred  to  he  will 
find  that  I  made  no  statement  relating  to  costs.  As  superin- 
tendent of  the  water-works  in  Cleveland,  I  was  called  on  to 
have  something  to  do  with  a  report  that  was  made  to  the  city 
by  an  electrician  of  another  city.  Mr.  Charles  E.  Phelps,  Jr., 
consulting  electrical  engineer  and  member  of  the  Baltimore 
electrical  commission.  He  was  engaged  by  the  city  of  Cleve- 
land, and  made  a  report  which  I  transmitted  to  the  council.  I 
transmitted  it  without  any  attempt  to  make  a  critical  analysis 
or  discussion  of  any  figures  mentioned,  and  did  not  commit 
myself  to  any  statement  that  electricity  could  be  sold  for  three 
or  four  cents  per  kilowatt,  as  I  think  Mr.  Scovil  will  find  when 
he  comes  to  read  the  report.  I  was  very  careful  not  to  do  that, 
for  I  recognized  that,  not  being  an  electrical  engineer,  I  was  not 
competent  to  indorse  any  special  figures.  Whatever  Mr.  Scovil 
refers  to  must  be  in  the  report  of  Mr.  Phelps,  a  member  of  the 
Baltimore  electrical  commission.  Do  you  not  recognize  that  as 
true,  Mr.  Scovil  ? 

Mr.  Scovil  :  I  think  that  in  transmitting  that  report  you 
said  that  electrical  energy  could  be  sold  commercially  for  four 
cents,  and  that  this  was  more  important  than  the  cost  of  a  street 
light  in  the  city  of  Cleveland  ;  that  electricity  could  be  sold  at 
four  cents  a  kilowatt  to  users  generally.  Certainly,  your  report 
leaves  that  impression. 

Professor  Bemis  :  I  shall  have  to  look  up  the  report.  I 
intended  not  to  commit  myself  to  his  figures,  but  said  I  thought 
electricity  could  be  sold  somewhat  cheaper  than  it  had  been, 
but  did  not  refer  to  any  definite  statement. 

Mr.  Scovil  :  I  want  to  say  that  my  relations  with  Professor 
Bemis  have  been  of  the  pleasantest.     I  think  we  are  all  on  good 
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terms  in  Cleveland,  generally.  There  is  a  general  respect  for 
the  manner  in  which  he  has  handled  the  water-works  depart- 
ment, of  which  he  is  in  charge.  The  statements  made  by  these 
professors  come  from  ignorance  of  the  business,  and  I  should 
be  glad  if  Mr.  Anthony  could  get  at  a  lot  of  these  gentlemen 
and  show  them  what  the  real  cost  of  producing  and  distributing 
electricity  is. 

Mr.  Insull  :   Mr.  President  and  gentlemen:  To  achieve  what 
Mr.  Scovil  points  out  as  a  desirable  thing — and  we  must  recog- 
nize it  as  a  desirable  thing — we  must  go  one  step  further  than 
having  a  good  system  of  accounting  ;  it  will  be  necessary  to  have 
a  good    statistical    department.      The   accounting   department 
gives  average  costs,  but  that  is  not  all  that  is  required.     The 
point  is  whether  a  customer  whom  you  are  supplying  burns  elec- 
tricity 150  hours  in  a  year,  as  in  the  case  of  the  large  office  build- 
ings, or  whether  the  customer  has  some  manufacturing  business, 
such  as  an  electro-chemical  process,  and  buys  electricity  from 
you  and  uses  it  steadily  in  about  the  same  quantities  24  hours  a 
day.     The  question  of  fixing  costs  must  cover,  besides  ordinary 
operating  expenses,   the  amount   of   interest  and  depreciation 
applicable  to  each  customer  per  unit  of  output  taken.     I  can 
take  you  two  blocks  from  here  and  show  you  on  one  side  of  the 
street  a  customer  on  the  upper  floors  of  a  light  office  building, 
and  if  you  will  add  to  your  actual  costs  in  the  case  of  that  cus- 
tomer the  amount  of  interest  and  depreciation  applicable  to  his 
particular  case,  it  will  be  an  absolute  impossibility  to  obtain  a 
rate  per  kilowatt  that  will  give  you  back  the  fair  expenditure 
you  make  every  year  for  that  customer.     On  the  other  hand,  I 
will  take  you  to  the  other  side  of  the  street  and  show  you  a  cus- 
tomer whose  average  consumption  is  about  3,000  hours  a  year, 
and  your  cost  in  his  case  will  be  so  low  that  you  can  afford  to 
sell  to  him  at  the  price  that  Professor  Bemis,  or  the  gentleman 
he  quoted,  or  some  one  else,  said  is  the  price  at  which  you  can 
sell  current.     Or,  to  apply  this  idea  to  a  small  company  in  a 
small  town,  there  are  a  number  of  cases  where  the  electric-light 
companies  supply  current  to  street  railways.     Their  load  factor 
is  at  least  50  per  cent ;  that  is,  their  average  use  of  the  current 
is  50  per  cent  of  the  maximum.     The  customer  next  door  may 
be  a  man  who  has  a  few  lights  and  never  burns  them  more  than 
three  hours  per  day  at  the  very  most ;  probably  his  average 
during  the  year  would   run   below  that.     In  one  case  you  can 
afford  to  sell  at  a  very  low  price,  because  your  interest  and 
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depreciation  is  divided  by  a  great  many  units,  used  compara- 
tively steadily  over  a  very  long  period.  In  the  other  case,  if 
you  sell  current  at  20  cents  a  kw-hour,  unless  you  have  a  very 
economical  station  you  stand  a  good  show  of  losing  money. 
There  is  no  business  in  which  the  question  of  costs  and  selling 
price  varies  more  than  in  the  electric-lighting  business.  Our 
cost  in  starting  the  business  is  very  high  ;  we  have. to  keep  an 
investment  necessary  to  take  care  of  the  maximum  demand  on 
us,  and  the  measure  of  our  interest  account  and  of  our  deprecia- 
tion is  a  percentage  on  the  investment  to  provide  for  the  maxi- 
mum demand.  The  statements  made  by  most  of  the  theoretical 
engineers,  dealing  with  subjects  of  this  character,  with  regard 
to  the  cost  to  municipalities  in  conducting  a  business  of  this 
kind,  are  simply  absurdities.  The  great  trouble  is  that  munici- 
palities do  not  find  this  out  except  by  experience.  It  is  as 
impossible  to  supply  small  consumers,  with  a  low  average 
burning,  at  three  or  four  cents  per  kw-hour,  as  it  is  to  get  five- 
dollar  gold  pieces  for  four  dollars.  Professor  Bemis  has  had 
some  experience  in  operating  the  water-works  in  the  city  of 
Cleveland,  and  I  will  draw  an  analogy  from  the  water-works 
business.  Suppose  you  have  an  inexpensive  reservoir  attached 
to  a  water  plant,  and  are  able  to  pump  the  same  amount  of 
water  day  in  and  day  out,  your  average  cost  for  pumping  will 
be  low,  figuring  not  only  the  bare  cost  of  production,  but  also 
interest  and  depreciation.  Suppose  in  another  town  you  have 
no  reservoir,  and  have  to  pump  according  to  your  load.  In  that 
particular  case  your  pumping  plant  would  be  large,  your  cost 
would  be  very  high.  And  the  same  conditions  that  apply  to 
water  in  that  respect  also  apply  to  electric  light. 

I  think  the  point  brought  up  by  Mr.  Scovil  is  important  to 
all  of  us.  Almost  all  the  public  discussions  on  the  cost  and 
selling  price  of  electricity  drift  into  a  discussion  of  municipali- 
zation of  public-service  industries.  I  think  there  is  nothing 
that  would  check  that  general  drift  so  much  as  a  true 
knowledge  of  cost  and  selling  prices  ;  and  that  knowledge  is 
not  possessed  by  the  people,  or  is  ignored  by  the  people,  who 
are  operating  most  of  the  municipal  plants  throughout  the 
United  States  at  the  present  time. 

Mr.  W.  Worth  Bean  (St.  Joseph,  Mich.)  :  Mr.  President, 
what  I  intend  to  say  is  not  going  to  be  germane  to  the  subject, 
but  I  expect  to  take  only  two  or  three  minutes,  and  I  presume 
you  can  permit  it. 
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The  President  :  Mr.  Bean,  proceed. 

Mr.  Bean  :  I  am  glad  to  know  that  the  lamb  and  the  lion 
have  lain  down  together  ;  I  am  also  glad  to  know  that  Professor 
Bemis  is  in  the  convention  and  that  he  and  Mr.  Scovil  are 
friends.  Professor,  did  I  not  understand  you  to  say  that  in 
transmitting  a  report  to  the  Cleveland  council,  stating  that 
electricity  ought  not  to  cost  over  four  cents  per  kilowatt,  it  was 
not  your  report,  but  a  report  of  Mr.  Phelps,  of  Baltimore  ;  and 
that  you  are  not  an  electrician,  and  do  not  know  anything  about 
electricity,  and  that  you  sent  the  report  without  recommen- 
dations ? 

Professor  Bemis  :  It  may  be  that  in  the  letter  of  trans- 
mission there  might  have  been  some  indorsement  of  the  idea 
that  for  power  purposes  Mr.  Phelps'  figure  of  four  cents  was 
possible,  but  1  think  I  avoided  any  reference  to  figures. 

Mr.  Bean  :  Professor,  I  should  like  to  have  you  answer  a 
question  for  the  benefit  of  the  association.  If  you  arc  not  an 
electrician  and  do  not  understand  electricity,  why  have  you 
propagated  your  doctrine  all  over  this  country  for  the  last  twelve 
or  fifteen  years,  telling  people  and  municipalities  what  it  cost  to 
produce  electricity,  and  that  municipalities  can  do  their  own 
lighting  cheaper  than  private  companies  can  do  it  for  them, 
when  you  do  not  understand  anything  about  it?  (Prolonged 
cheers.) 

Professor  Bemis  :  I  think  I  am  enjoying  this,  if  the  con- 
vention is,  but  I  do  not  think  1  should  take  your  time.  I  have 
attempted,  more  as  a  statistician  than  as  an  electrician,  to 
gather  some  information,  and  have  tried  to  be  fair  and  accurate 
in  my  publication  of  it.  1  have  never  claimed  that  I  was  a 
technical  electrician  and  I  do  not  claim  so  now.  I  did  not 
suppose  when  I  wandered  in  here  this  morning  that  I  was 
going  to  divert  the  discussion  from  what  I  have  been  greatly 
interested  in  and  indorse — for  no  one  can  appreciate  accounting 
more  than  myself,  and  I  think  it  is  tremendously  lacking  in 
municipal  plants  and  in  private  plants  also.  I  think  it  is  lack- 
ing, more  or  less,  in  plants  all  over  the  country,  although  there 
are  brilliant  exceptions.  I  certainly  hope  that  I  have  never 
been  unfair  in  my  treatment  of  the  subject.  If  I  can  answer 
further  questions,  I  shall  be  glad  to  do  so,  but  I  do  not  think 
there  is  any  necessity  for  going  into  personal  discussions  this 
morning.  I  am  quite  sure  that  Mr.  Scovil  did  not  intend  to 
precipitate  this  discussion. 
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Mr.  Bean  :  Mr.  Scovil  may  not  have  intended  to  precipi- 
tate this  discussion,  but  it  is  a  serious  question  to  each  member 
of  this  association,  and  to  every  central  station,  that  by  the 
passage  of  laws  by  the  various  state  legislatures  their  property 
has  been  indirectly  confiscated  ;  and  all  brought  about  by 
these  people  who  do  not  understand  electricity  and  the  question 
of  costs.  If  Professor  Bemis,  formerly  a  professor  in  a  college, 
does  not  know  what  it  costs  to  produce  electricity,  how  can  the 
laboring  man,  who  uses  the  pick  and  shovel,  be  expected  to 
vote  intelligently  upon  this  subject  and  understand  about  it 
when  he  reads  it  in  the  papers  ? 

I  do  not  want  to  divert  the  attention  of  the  association 
from  the  report  we  are  now  considering.  But  what  good  will 
the  report  of  the  convention  be  if  our  business  is  to  be  taken 
away  from  us?  The  essential  thing  is  that  we  have  fair  and 
clean-cut  statements  concerning  our  business,  as  we  have  a 
decent  business  to  run  and  that  is  all  that  is  needed.  I  under- 
stand from  the  report  of  Mr.  Martin  this  morning  that  there 
are  in  this  country  over  3,800  central  stations,  and  that  over 
800  of  them  have  been  municipalized.  If  all  of  the  central 
stations  in  this  country  are  to  be  run  by  the  cities,  and  our 
business  is  to  be  practically  confiscated  by  such  misrepresen- 
tations, we  want  to  know  it.  This  is  not  germane  to  the  sub- 
ject, but  it  is  the  most  vital  thing  that  we  can  consider.  When 
the  convention  adjourns,  I  want  to  meet  Professor  Bemis.  He 
has  interfered  with  my  business  seriously  ;  no  doubt  he  did 
not  intend  to  do  it,  but  the  results  are  just  the  same.  I  want 
to  congratulate  the  professor  upon  entering  on  another  field — 
in  the  water-works  line — and  if  he  has  had  no  more  experience 
in  the  water-works  business  than  he  has  had  in  the  electric 
light,  I  want  to  give  him  my  hand  and  lend  him  what  assist- 
ance I  can  in  operating  the  water-works — all  based  upon  my 
experience,  which  is  nothing.  Further,  I  do  not  believe  that 
municipalities  can  operate  water-works  to  the  financial  interest 
of  the  taxpayers.  1  trust  that  we  may  be  of  some  benefit  to 
the  gentleman  in  his  new  departure.  If  the  municipalities  do 
not  know  any  more  about  the  cost  of  operating  water-works 
plants  than  they  do  about  electric-light  plants,  it  is  time  to  call 
a  halt  and  save  the  taxpayers'  money. 

The  President  :  Gentlemen,  I  think  the  records  of  this 
session,  this  morning,  will  show  fully  the  value  of  Professor 
Bemis'  criticisms  and  statements  and  of  his  report.  I  do  not 
think  we  need  go  further  into  this  discussion. 


Mr.  F.  Ellwood  Smith  (Somervillc,  Mass.)  :  The  paper 
read  by  Mr.  Anthony  is  interesting  to  me,  and  personally  I  feel 
honored  by  the  reference  to  the  Somerville  company.  There  is 
one  point  in  reading  meters  that  I  found  useful  in  former  years, 
although  we  have  now  abandoned  it ;  but  for  a  small  company 
with  less  than  500  consumers,  I  should  certainly  use  the  system 
of  which  1  speak.  When  the  meter-reading  time  comes,  make 
out  the  customers'  bills,  write  the  name  and  address  and  the 
previous  meter  reading.  The  bill  has  a  stub,  which  is 
perforated.  Send  your  superintendent,  or  your  bookkeeper  or 
electrician — some  competent  man,  you  do  not  have  a  large 
force — to  read  the  meters,  and  put  the  reading  on  the  bill  and 
on  the  stub.  The  bill  is  made  out  on  the  spot,  and  collected  if 
possible.  Tear  off  the  stub  and  bring  it  back  to  the  office  and 
make  your  entries  from  the  stub.  The  work  of  collection  is 
done  at  the  time  the  meter  is  read  and  saves  an  additional  trip  ; 
and  with  a  company  having  less  than  500  accounts  it  will  be 
found  very  useful,  and  a  great  saving  of  time. 

Mr.  J.  F.  Strickland  (VVaxahachie,  Tex.):  I  have  been 
much  interested  in  Mr.  Anthony's  paper.  I  operate  some  small 
properties  in  Texas,  and  while  I  think  the  points  made  by  him 
apply  largely  to  larger  properties,  there  are  many  practical 
points  for  the  small  stations  as  well.  It  occurred  to  me  that  he 
got  on  both  sides  of  the  proposition  as  to  the  information  he 
would  give  employees  about  the  station,  both  in  his  paper  and 
in  his  answers  to  questions  that  have  been  asked.  His  first 
proposition  was  to  give  each  employee  filling  the  respective 
places  mentioned  all  the  information  necessary  for  full  knowl- 
edge of  the  business.  My  observation  has  convinced  me  that 
the  average  man  connected  with  a  small  station  should  know 
only  that  part  of  the  business  that  pertains  to  his  per&onal 
responsibility  in  connection  with  it.  That,  he  should  know 
well,  but  he  should  not  know  that  which  should  be  known  and 
handled  by  some  other  man  connected  with  the  business.  The 
different  branches  should  be  divided  and  the  duties  and  respon- 
sibilities divided,  in  keeping  with  the  system  he  outlined  in  the 
report.  In  answer  to  a  question,  he  stated  that  it  would  not  do 
for  the  men  handling  the  material  to  know  about  the  cost.  At 
that  point,  he  took  the  other  side  of  the  proposition. 

In  connection  with  the  meter-reading  proposition,  reference 
was  made  in  the  paper  to  the  collection  of  bills.  That  inter- 
ested me  much,  as  it  is  getting  close  to  where  we  are  getting 
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our  money.  I  operate  some  small  plants  in  Texas  with  less 
than  500  customers  each.  We  read  meters  and  collect  our  bills 
once  a  month.  The  bills  arc  not  large,  and  the  more  losing 
items  we  can  shut  out,  the  better  the  balance  sheet  at  the  end  of 
the  month.  Even  though  I  operate  small  companies,  the  first 
of  each  month  shows  me  the  cost  per  kilowatt,  gross  revenue 
received  and  net  per  kilowatt  received  for  the  preceding  month. 
In  order  to  protect  ourselves  against  loss  with  our  meter  cus- 
tomers, we  require  a  deposit  to  the  full  value  of  the  meter. 
We  do  not  approach  a  customer  and  ask  him  for  a  deposit 
on  his  account ;  human  nature  is  the  same  the  world  over — no 
man  likes  to  put  up  something  unless  something  is  put  up  on 
the  other  side.  We  issue  a  certificate  for  the  amount  of  the 
deposit  and  retain  the  ownership  of  the  meter.  He  can  not 
move  away  from  the  city  and  discontinue  the  use  of  current 
without  first  settling  at  the  office,  because  the  certificate  is  not 
transferable.  We  protect  ourselves  in  this  way.  I  should  like 
to  hear  from  Mr.  Anthony  how  they  protect  themselves  against 
loss.  We  do  not  lose  one-half  of  one  per  cent  in  the  total  year's 
business. 

Mr.  Anthony  :  I  think  Mr.  Strickland  misunderstood  me 
in  one  way.  What  I  meant  was  that  if  an  operating  engineer 
operates  a  station  he  should  be  advised  by  the  accounting 
department  exactly  as  to  the  cost  of  operating  his  station,  or 
the  classification  of  what  it  costs  to  operate,  as  far  as  he  goes, 
and  that  is  all.  I  do  not  give  him  information  as  to  what  the 
costs  are  in  some  other  department  unless  it  is  necessary.  He 
should  know  what  he  is  doing,  in  order  to  do  better  this  month 
than  last. 

With  regard  to  deposits,  you  can  handle  that  question  with 
better  grace  in  a  small  city  than  in  a  large  one.  The  less  you 
stir  up  the  deposit  question  with  the  public,  the  better  for  the 
company.  We  find  in  Chicago  that  we  can  not  judiciously  ask 
for  deposits  from  many  customers  in  the  first  place,  and  we  will 
not  put  them  on  the  system  without  a  deposit,  in  the  second 
place ;  consequently,  we  have  instituted  a  series  of  weekly 
meter  readings,  and  if  none  of  you  have  tried  it  I  should  advise 
you  to  look  into  it.  It  is  on  the  basis  that  90  per  cent  of  such 
customers  will  object  strongly  to  paying  a  bill  of  $4.00  monthly, 
but  will  pay  $1.50  per  week  and  think  it  is  fine.  In  case  of 
default  all  you  lose  is  one  week's  bill  ;  $1.50  instead  of  $4  00. 
The  diflFerence  between  $4.00  and  four  times  $1.50  is  well  worth 
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waiving  the  deposit  and  doing  a  little  extra  bookkeeping. 
Where  you  can  avoid  the  deposit,  especially  as  cities  become 
larger,  I  believe  it  will  be  wiser  for  the  company.  Avoid  every- 
thing in  a  public  utility  corporation  that  in  any  way  brings  the 
customer  up  against  the  company  in  any  but  the  most  agreeable 
way. 

Mr.  E.  F,  McCabe  (Lewistown,  Pa.):  Have  you  tried  the 
prepayment  meters  ? 

Mr.  Anthony:  Yes. 

Mr.  McCabe:  With  what  results ? 

Mr.  Anthony  :  I  would  rather  have  Mr.  Gilchrist,  if  he  is 
here,  answer  that  question. 

Mr.  McCabe  :  Why  not  use  a  prepayment  meter  instead 
of  going  around  every  week  and  making  out  a  bill ;  and  why 
not  use  the  prepayment  meter  instead  of  asking  the  customer 
to  make  a  deposit? 

Mr.  Anthony  :  Because  you  have  as  many  different  kinds 
of  customers  and  different  ideas  to  deal  with  as  there  are  sands 
in  the  sea.  If  we  can  get  customers  with  the  prepayment 
meter,  in  it  goes  ;  if  the  weekly  system  suits  them  best,  they 
get  that :  they  have  their  choice.  It  is  like  the  lunch  counter — 
**  pays  your  money,  takes  your  choice." 

Mr.  Bean  :  I  undersood  the  gentleman  from  Texas  to  say 
that  he  required  a  deposit  for  his  "meters.  At  $12  per  meter, 
say,  500  customers  would  be  $6,000.  In  our  town  they  would 
consider  that  to  be  taking  undue  advantage  of  them,  but  I  am 
glad  to  understand  that  in  Texas  they  submit  to  it. 

Mr.  Strickland  :  For  the  benefit  of  the  gentleman,  I  will 
say  that  our  rates  in  Texas  are  based  in  such  a  way  that  while 
the  customer  realizes  that  he  has  to  put  up  the  value  of  the 
meter,  we  give  him  to  understand  that  the  rate  quoted  him 
includes  a  return  for  the  use  of  his  money;  we  present  it  to 
him  in  that  way.  We  receive  about  35  cents  per  inhabitant  per 
month  ;  the  entire  population  of  the  city  is  about  6,000.  Our 
receipts  run  about  $2,200  or  $2,300. 

Mr.  Anthony  :  I  will  say,  as  to  deposits,  that  our  company, 
having  30,000  customers,  has  only  about  $12,000  on  deposit. 
We  do  not  run  the  deposit  plan  very  hard. 

Mr.  Arthur  Williams  (New  York)  :  Do  you  pay  interest? 

Mr.  Anthony  :  Yes  ;  five  per  cent. 

Mr.  I£.  F.  Peck  (Schenectady,  N.  Y.):  I  wish  to  testify  as 
to   the   efficiency  of   Mr.   Anthony's   accounting  system.     The 
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Schenectady  Railway  Company  has  had  most  satisfactory 
results  from  the  use  of  this  system,  which  was  adopted  by  the 
company  the  first  of  last  January.  The  preparation  of  our 
monthly  statement  was  formerly  looked  forward  to  with  con- 
siderable anxiety  and  uncertainty,  but  we  now  look  forward 
to  the  end  of  the  month  with  pleasure,  feeling  certain  that  we 
shall  secure  accurate  data.  We  have  also  been  able  to  reduce 
our  operating  expenses  some  eight  per  cent,  due  to  the  fact 
that  we  are  able  to  make  a  careful  analysis  of  our  accounts, 
which  was  impossible  under  our  old  system  of  bookkeeping. 

Mr.  Williams  :  As  Mr.  Gilchrist  has  not  replied  to  Mr. 
McCabe's  question,  it  might  be  well  to  say  that  we  have  not 
found  any  prepayment  meter  that  has  given  results  entirely 
satisfactory.     We  should  like  to  have  one. 

Mr.  Gilchrist  (Chicago)  :  The  difficulty  we  find  in  using 
the  prepayment  meter  is  that,  on  account  of  its  construction, 
when  using  it  we  must  deal  with  the  customer  on  the  list-price 
basis.  We  have  probably  125  to  150  of  these  prepayment 
meters  in  use.  We  look  upon  them  more  as  pioneering  devices 
than  as  affording  a  permanent  arrangement  under  which  to  do 
business.  We  find  many  irresponsible  people  who  are  unwilling 
to  make  a  deposit ;  others  who  are  unwilling  to  agree  to  a 
minimum  charge  of  $1.00  per  month  per  meter;  and  to 
these  people  we  submit  a  prepayment-meter  proposition.  This 
proposition  involves  no  minimum  bill  and  under  it  no  deposit 
is  required,  but  in  doing  business  upon  this  basis  it  is  with 
the  understanding  that  if  we  do  not  receive  a  reasonable 
income  for  several  successive  months,  we  are  at  liberty  to 
discontinue  the  service.  In  ordinary  cases  we,  after  a  month  or 
two,  find  the  customer  ready  to  make  an  arrangement  on  the 
regular  contract  basis,  having  been  worked  up  to  the  use 
of  electric  light. 

The  President  :  We  shall  have  to  close  this  discussion,  on 
account  of  the  lateness  of  the  hour.  Mr.  Insull  desires  to 
make  an  announcement. 

Mr.  Insull  :  The  Commonwealth  Electric  Company  ex- 
tends to  the  members  and  guests  of  the  association  an  invita- 
tion to  visit  the  new  turbine  station  we  are  building.  The 
station  is  in  course  of  construction.  We  had  hoped  to  be  able 
to  show  a  turbine  in  operation.  The  turbine  is  now  on  the 
cars,  coming  from  Schenectady.  You  will  find  a  good  deal  to 
interest  you   in  the   station,  and    the   president  will  announce 
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some  time  to-morrow  an  excursion  up  the  Chicago  River — 
which  is  very  picturesque — to  visit  our  plant.  We  hope  you 
will  all  go. 

(The  meeting  adjourned  until  two  o'clock.) 


SECOND  SESSION 

President  Ferguson  called  the  meeting  to  order  at  ten 
minutes  after  two  o'clock,  and  announced  the  first  business  of 
the  session  to  be  the  paper  by  Mr.  Sidney  Hosmer,  of  Boston, 
entitled  "Advantages  to  Be  Derived  from  Consolidation  of 
Electrical  Interests." 


Mr.  Hosmer  read  the  paper,  as  follows  : 

ADVANTAGES   TO   BE    DERIVED   FROM  CON 
SOLIDATION  OF  ELECTRICAL  INTERESTS 


The  advantages  to  be  derived  from  any  form  of 
consolidation  of  manufacturing  interests  are  properly 
divisible  into  three  classes:  (i)  The  advantage  of 
the  lower  capital  investment,  (2)  Lower  cost  of  pro- 
duction, and  (3)  Better  service.  To  these  should  be 
added,  in  the  case  of  the  transmission  of  electrical 
energy,  the  advantage  to  be  derived  from  an  im- 
proved load  factor,  which  is  almost  certain  to  result 
from  a  combination  of  different  classes  of  business. 
This  improvement  of  load  factor  of  course  afifects 
the  matter  of  capital  invested  and  also  cost  of  pro- 
duction, but  it  is  an  advantage  that  applies  to 
electrical  consolidations  in  addition  to  those  that 
may  apply  to  any  other  forms  of  consolidation. 

In  all  cases  where  such  consolidations  have  been 
effected  still  another  point  has  been  gained,  though 
it  is  not  due  to  the  mere  combination  ;  that  is,  the 
small  plants  have  in  almost  every  case  been  old  and 
equipped  with  inefficient  apparatus,  while  the  con- 
solidated plant  has  been  of  the  most  modern  type 
and  built  under  such  conditions  that  the  best  engi- 
neering talent  was  available. 

In  the  matter  of  invested  capital,  actual  figures  are 
hard  to  obtain.  Taking  the  generating  plant  itself  we 
know  that  plants  of  15,000-kw  to  20,000-kw  capacity 
can    be    built    for    $90    per   kilowatt,  while    plants    of 
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approximately  500  kilowatts  run  as  high  as  $200  or 
over,  due,  of  course,  to  the  smaller  units  employed. 
Going  above  20,ooo-k\v  capacity,  the  comparison 
would  not  continue  to  show  such  marked  gain.  In 
this  station  we  have  reached  units  of  a  size  where 
cost  per  kilowatt  ceases  to  fall  very  rapidly,  and  where 
great  structural  complications  and  expense  may  begin, 
due  to  the  fact  that  boiler  units  are  not  increasing  in 
size.  Taking  the  distributing  system  in  the  case  now 
being  considered,  there  would  probably  be  a  slight 
loss,  as  we  have  obtained  the  load  for  the  larger 
plant  only  by  including  greater  territory,  and  this  must 
inevitably  increase  the  cost  per  kilowatt  capacity. 

A  number  of  companies  operating  in  a  number 
of  centres  would  have  their  lines  installed  in  propor- 
tion to  their  business,  and  only  small  capacities  run- 
ning out  to  the  edges  of  their  territories.  The  lines 
between  these  various  centres  would  have  to  be 
strengthened  without  a  proportionate  increase  of  busi- 
ness, and  a  certain  amount  of  waste  territory  would 
have  to  be  covered.  Here  we  find  the  question  on 
which  turns  the  decision  whether  the  larger  company 
shall  have  one  or  more  plants. 

It  is  the  almost  universal  practice  to-day  to  run 
everything  from  one  station,  using  substations  for  the 
transformation  necessary  for  the  supply  of  local  dis- 
tricts ;  this  may  be  proper  so  far  as  it  has  gone,  but 
a  point  will  be  reached  where  the  cost  of  lines  and 
substations,  with  the  liability  to  interruption  in  each, 
will  not  only  justify  but  will  demand  a  number  of 
generating  stations  located  with  reference  to  the 
demand  for  current.  The  question  of  when  this  will 
be  justified  will  depend  entirely  on  coal  and  water 
facilities. 

This  question  of   distribution  of   plants,  of   course, 
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only  comes  in  where  area  supplied  is  very  large,  and 
where  transforming  apparatus  becomes  very  expensive. 
We  know  of  only  one  case  where  this  policy  has 
been  carried  out  consistently ;  that  company  (a  rail- 
road) has  located  stations  all  over  its  territory,  a 
majority  of  them  under  5,000-kw  capacity  and  a 
number  of  them  without  railroad  facilities  for  coal. 
In  the  matter  of  size  of  plants,  this  is  without  doubt 
an  extreme,  but  we  should  like  very  much  to  see 
their  exact  figures  on  investment,  and  also  their  cost 
of  production. 

We  come  here,  also,  to  the  question  of  safety  and 
reliability.  There  is  a  limit  to  the  amount  of  power 
it  is  desirable  to  put  in  one  building.  It  has  been 
demonstrated  a  number  of  times  in  our  large  stations 
that  accidents  can  happen  which  will  interrupt  the 
entire  plant.  What  this  amount  should  be,  will 
depend  largely  on  the  character  of  service  supplied. 
On  the  one  hand  it  should  be  as  small  as  possible, 
so  that  any  accident  may  affect  as  small  a  percentage 
of  supply  as  possible;  on  the  other  hand  it  must  be 
large  enough  for  any  possible  demand  for  current  to 
be  met  without  difficulty.  A  plant  supplying  feeders 
of  normal  capacity  of  700  or  800  kilowatts  could  be 
divided  into  units  of  10,000  or  15,000  kilowatts  with- 
out sacrificing  any  of  the  advantages  of  ample 
generating  capacity,  while  a  plant  supplying  feeders 
of  2,000  kilowatts  would  have  to  be  made  in  larger 
sections  to  give  equal  service. 

In  most  cases  it  will  be  impossible  to  find  a 
number  of  locations  having  good  coaling  and  water 
facilities,  so  that  a  subdivided  plant  at  one  point 
may  be  preferable ;  of  course,  aside  from  coal  and 
ash-handling  machinery,  there  are  no  arguments  from 
the    investment   standpoint    to   justify  putting   all    the 
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plant  at  one  place ;  while,  on  the  other  hand,  distri- 
bution investment  might  be  very  much  reduced  by  a 
number  of  generating  stations  at  different  points, 
provided  always,  of  course,  coal  and  water  can  be 
obtained.  The  Boston  Edison  Company  is  now 
erecting  a  plant  for  an  ultimate  capacity  of  50,000  or 
60,000  kilowatts.  The  situation  there  with  reference 
to  coaling  and  the  shape  of  territory  supplied  is  such 
that  there  is  no  choice  but  to  locate  the  entire  plant 
at  one  place.  It  is,  however,  the  intention  absolutely 
to  divide  that  plant  into  at  least  three  divisions,  even 
to  cutting  the  'bus-bars  for  the  separate  divisions.  Of 
course,  arrangements  will  be  made  for  so  connecting 
the  'bus-bars  that  they  may  all  be  supplied  from  one 
section  at  period  of  light  load. 

Turning  now  to  the  question  of  lower  cost  of 
production,  we  find  in  station  cost  alone  a  very 
marked  gain,  amounting  to  a  difference  of  500  or 
600  per  cent  between  a  plant  of  500  kilowatts  and 
one  of  20.000.  It  is,  of  course,  unnecessary  to  go 
into  any  discussion  of  how  this  is  made  up.  In  this 
respect,  improvement  should  be  found  in  consolidation, 
continuing  also  in  the  same  ratio  no  matter  how 
large  the  plant  may  become.  A  subdivided  plant  may 
cost  a  little  more  to  operate  than  one  not  sub- 
divided, but  the  difference  will  scarcely  be  appreciable. 
This  would  be  almost  as  true  for  a  number  of  gener- 
ating stations  if  they  were  properly  interconnected. 

In  the  distribution  of  the  consolidated  company 
there  might  be  some  small  gain  in  expense,  but  it 
could  not  be  a  very  marked  one.  This  expense  is  a 
function  of  the  number  of  subscribers  and  miles  of 
wire.  In  the  consolidation,  the  miles  of  wire  would 
certainly  be  increased  for  the  same  customers  with 
consequent   increase   of    expense    of    maintenance.     If 
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anything  were  gained  here,  it  would  probably  be  at 
the  cost  of  increased  investment ;  that  is,  the  larger 
company  would  perhaps  install  the  distribution  plant 
better  and  in  a  more  lasting  way,  but  at  greater  cost. 

In  general  expense  and  management,  we  could 
hardly  expect  much  improvement,  owing  largely  to 
the  fact  that  responsibilities  are  largely  increased  and 
more  complicated  legal  questions  are  brought  in. 

Taxes  would  of  course  be  decreased  in  such 
measure  as  we  have  saved  investment. 

In  the  purchase  of  supplies  and  apparatus,  there 
should,  of  course,  be  a  great  improvement  possible ; 
but  this  would  be  somewhat  counteracted  by  the  fact 
that  the  larger  company  would  require  a  much  greater 
number  of  articles  to  be  carried  on  hand  and  a  con- 
siderable investment  must  necessarily  lie  idle. 

Turning  now  to  the  quality  of  service,  we  find 
the  small  company  almost  invariably  running  without 
spare  apparatus  and  the  service  liable  to  suflFer  if 
anything  goes  wrong.  This  is  probably  partly  due 
to  the  fact  that  it  is  a  greater  burden  for  the  small 
company  to  buy  extra  apparatus,  but  it  is  probably 
in  a  greater  measure  due  to  the  character  of  manage- 
ment under  which  it  is  run.  The  management  of  the 
larger  company  has  a  greater  appreciation  of  its 
responsibilities  and  realizes  more  thoroughly  that 
development  depends  on  reliability  of  service.  This 
defect  goes  with  the  smaller  company  because  it  is 
smaller  and  the  margin  of  profit  is  less,  and  less  can 
be  put  into  management,  etc.,  and  not,  as  may  be 
argued,  because  the  company  is  old-fashioned  and 
poorly  handled. 

Another  defect  that  we  find  in  most  of  the  small 
companies,  which  is  not  due  to  the  mere  fact  that 
they    are    small,  is   the    absence   of    modern    methods 
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and  devices,  owing  to  the   fact  that  the   plant   usually' 
is    old,  and    capital    is    not    always    available    to    take 
advantage  of  the  newest  developments. 

The  question  of  24-hour  service  also  comes  in. 
In  a  500-kw  plant,  it  costs  as  much  to  run  one  unit 
as  it  does  to  operate  the  whole  station  in  all  except 
coal ;  as  there  are  at  most  only  two  or  three  men  to 
a  watch,  the  long  hours  at  very  light  load  are  an 
impossible  burden.  On  the  other  hand,  the  cost  in  a 
large  station  varies  in  all  things  approximately  with 
the  number  of  units  in  use,  and  kilowatts  produced 
at  light-load  times  bear  the  same  relation  in  cost  to 
those  produced  on  the  peak.  The  difference  in  load 
factor  between  a  small  and  large  company  comes  in 
here  also.  A  company  supplying  a  great  territory 
includes  a  number  of  different  classes  of  business — 
residences,  amusements,  factories,  and  possibly  street 
railways — so  that  the  cost  per  kilowatt  may  be  just  as 
good  at  one  part  of  the  day  as  another.  Also,  one 
company  taking  the  place  of  several  does  not  neces- 
sarily get  the  sums  of  the  peaks  of  the  different 
stations,  as  these  may  not  coincide. 

DISCUSSION 

The  PREsmENT  :  The  paper  by  Mr.  Hosmer  is  now  open 
for  discussion.  I  will  ask  Mr.  Peter  Junkersfeld,  of  Chicago,  to 
start  the  ball  rolling. 

Mr.  Junkersfeld:  I  do  not  know  that  I  can  start  the  ball 
rolling  very  fast,  as  Mr.  Hosmer's  conclusions  agree  closely 
with  those  reached  in  Chicago.  During  Mr.  Hosmer's  reading 
of  the  paper  one  point  came  to  my  mind  with  regard  to  the 
development  of  these  large  systems.  He  mentions  the 
inadvisability  of  operating  a  number  of  smaller  stations  against 
one  large  station.  The  question  of  doing  away  with  and 
shutting  down  the  machinery  in  the  existing  stations  is  under- 
stood better  to-day  than  formerly.  In  fact,  with  the  present 
state  of  the  art,   this  machinery  in  the  old  stations,  operated 
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during  a  few  hours  per  day  in  a  few  months  of  the  year,  is 
worth  almost  as  much  to  a  central-station  management  as  the 
equivalent  capacity  in  machinery-  in  a  new  station.  This 
applies  also  to  stations  in  small  cities  close  together,  provided 
their  distributing  systems  are  such  that  load  can  be  shifted 
from  one  to  another,  and  often  results  in  a  considerable  saving 
in  operating  expenses  by  making  a  comparatively  small 
investment. 

Mr.  Hosmer  also  made  a  point  of  the  small  amount  of  power 
it  is  practicable  to  handle  in  one  station,  and  suggested  dividing 
the  station  in  very  much  the  same  way  as  we  are  doing  here  in 
Chicago.  There  is  no  doubt,  of  course,  of  the  great  advantage 
in  the  latter  case  in  doing  away  with  a  large  amount  of  unpro- 
ductive investment  that  must  be  carried  with  the  smaller 
stations.  Take  the  situation  in  a  large  city  ;  the  more  power 
that  can  be  generated  in  one  locality,  the  less  will  be  the 
amount  of  unproductive  investment  and  unproductive  labor 
that  has  to  be  carried.  It  goes  without  saying  that  in  a  large 
number  of  stations  there  is  a  certain  amount  of  attendance,  and 
things  of  that  kind,  that  can  be  greatly  reduced  in  one  or  two 
large  stations  operated  during  the  long-time  periods. 

The  investment  in  substations  and  distributing  system  is 
becoming  independent  of  the  number  of  generating  plants,  and 
the  transmission  investment  is,  after  all,  a  small  part  of  the 
total.  In  some  cases  that  have  come  under  my  observation  it 
rarely  runs  higher  than  six  per  cent  of  the  total  investment  that 
the  company  has  made,  so  that  the  location  of  a  large  station 
where  the  transmission  voltage  is  high  enough  to  be  economical 
for  that  condition  does  not  cut  such  a  big  figure  after  all.  The 
low-tension  investment  or  distribution  network  would  be  very 
nearly  the  same,  regardless  of  the  number  of  generating 
stations,  where  these  stations  generated  at  a  high  voltage  and 
the  current  was  distributed  through  substations.  The  location 
of  the  station  is  more  independent  of  the  location  of  the  load 
than  formerly  ;  that  is,  so  far  as  operating  costs  and  fixed 
charges  are  concerned. 

In  the  matter  of  reliability  of  service  rendered,  it  is  often 
disputed  whether  or  not  with  a  large  station  we  can  secure 
and  guarantee  the  same  reliability  as  formerly.  That,  of 
course,  in  a  large  station  means  a  better  class  of  engineering 
and  construction  work  and  a  better  class  of  machinery  than 
has   heretofore   prevailed,  the  reasons    for  which  are  obvious. 
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to — the  influence  of  unproductive 
costs  in  the  multiplicity  of  small  stations,  as  against  one  large 
power  plant.  In  advancing  from  a  number  of  small  plants, 
which  have  been  supplying  a  system,  to  one  central  power 
plant,  if  these  plants  have  been  turned  over,  as  is  usually  the 
case,  without  providing  for  continuity  of  service  by  tie  lines 
and  other  precautions  against  failure  of  service,  it  will  be  of 
extreme  importance  in  a  large  centralized  power  plant  to  guard 
with  more  than  usual  care  against  failures  and  interruptions  of 
service.  While  the  liability  to  failure  of  underground  trans- 
mission lines  is  probably  not  so  great  as  reprcsenied,  and  the 
destructive  effects  of  a  high-potential  arc  are  not  so  severe  as 
would  perhaps  be  imagined,  on  account  o(  the  lesser  amount  of 
current  involved,  yet,  as  regards  the  stability  of  the  system  as  a 
whole,  the  liability  of  surging  and  the  development  of  resonance 
effects  in  the  system  are  such  as  to  make  it  necessary  to  use 
unusual  precautions  for  protection  against  breakdowns.  In 
addition  to  the  usual  methods  of  duplicating  paths  followed  by 
underground  transmission  lines,  secondary  lie  connections 
should  be  established  from  station  to  station,  to  afford  additional 
paths  for  assistance  between  distributing  stations.  It  is  probable 
that  the  best  arrangement  in  the  relation  of  substations  to  such 
a  central  transmission  station  has  not  been  developed  ;  whether 
single-'bus  or  two-'bus  operation  is  preferable,  or  the  separation 
when  desired,  into  separate  units  by  means  of  switching-gear,  or 
a  still  further  separation  into  practically  single-unit  operation, 
each  unit  supplying  independently  a  station  or  group  of  sub- 
stations, the  future  only  can  determine.     It  is  probable,  however, 
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that  supplying  each  substation  through  independent  sets  of 
feeders,  following  two  courses  and  having  the  central  station  so 
arranged  as  to  secure  two- 'bus  operation,  will  supply  a  reason- 
able amount  of  safeguard  without  detracting  too  much  from  the 
economies  to  be  obtained  from  operating  the  units  in  multiple. 
I  need  not  refer  at  this  time  to  the  importance  in  such  a  system 
of  an  adequate  storage-battery  equipment  as  a  safeguard 
against  short  interruptions  of  service,  because  as  central  power- 
plant  development  increases  with  larger  concentration  of  power, 
such  a  necessity  impresses  itself  in  an  increasing  measure.  I  am 
sorry  I  can  not  refer  specifically  to  the  points  in  Mr.  Hosmer's 
paper,  because,  as  I  said  before,  I  did  not  hear  the  body  of  this 
paper. 

The  President  :  There  must  be  others  of  our  members 
who  are  acquainted  with  the  advantages  of  the  consolidation  of 
electrical  interests  in  any  given  locality.  If  there  is  no  further 
discussion  of  this  paper  we  will  pass  to  the  next  business  and 
take  up  the  paper  on  '*  Boiler  and  Furnace  Efficiencies,"  by 
Mr.  A.  Bement,  of  Chicago. 


Mr.  Bement  read  an  abstract  of  the  following  paper : 

BOILER  AND  FURNACE  EFFICIENCIES 


•  It  is  not  the  object  of  this  paper  to  treat  of  boiler 
and  furnace  efficiencies  in  general,  but  to  discuss  some 
features  of  the  performance  of  modern  standard  appa- 
ratus. For  this  purpose  two  types  of  boilers,  two 
furnaces  and  one  stoker  have  been  selected ;  one  of 
the  boilers,  however,  owing  to  changes  made  in  it, 
may  be  considered  as  a  third  type.  One  of  the  boilers 
is  12  tubes  high  and  i6  wide,  provided  with  a  super- 
heater and  rated  at  400  horse-power.  It  is  equipped 
with  a  chain-grate  stoker  of  65.5  square  feet;  the  gases 
from  the  fire  discharge  among  the  tubes  of  the  heating 
surface  located  immediately  above,  thence  down  across 
the  tubes  of  the  second  pass  and  finally  rise  on  the 
way  to  the  flue  across  the  tubes  of  a  third  pass.  This 
boiler  is  referred  to  as  boiler  A.  The  other  boilers  are  of 
two  sizes.  That  designated  as  No.  i  is  15  tubes  high  and 
19  wide.  No.  2  is  17  tubes  high  and  19  wide.  With 
each  the  gases  travel  from  the  bottom  of  the  back 
and  diagonally  across  the  tubes  to  the  upper  front  end, 
thence  back  between  the  drums  to  the  flue.  No.  3 
adjoins  No.  2  in  battery,  and  is  identical  with  it  except 
that  the  path  of  the  gases  from  the  back  end  is 
forward  among  the  lower  tubes  of  the  second  to  the 
seventh  rows;  thence  to  the  front  end  of  the  boiler, 
then  back  among  the  next  five  rows  and  finally 
forward  among  the  upper  five  rows,  where  they  pass 
between  the  drums  to  the  flue.  In  this  arrangement 
the  gases  traverse  the  length  of  the  tubes  three   times 
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and  2.  The  furnaces  under  these  boilers  are  identical, 
and  each  is  fitted  with  a  chain-grate  stoker  uf  72.2 
square  feet.  The  tubes  in  the  lower  row  of  the  boiler 
are  entirely  encircled  with  a  fire-brick  tile  from  the 
front  to  a  point  back  of  the  bridge-wall ;  for  the 
lemainder  of  the  distance  to  within  four  feet  of  the 
back  end  the  usual  tile  furnished  by  the  maker  of  t^he 
boilers  is  used. 

The  expression  "  boiler  efficiency  "  is  used  to  desig- 
nate the  performance  of  the  boiler  only,  not  that  of 
the  combined  apparatus ;  it  implies  the  measure  of  the 
cooling  effect  produced  on  the  hot  gases,  and  neglects 
radiation  and   moisture  in  the  steam. 

The  experimental  work  herein  mentioned  had  three 
objects :  first,  to  determine  the  relative  efficiency  of 
boiler  A  and  boiler  No.  i,  and  second,  the  relation 
between  the  efficiency  of  the  same  boilers  and  their 
furnaces  based  on  combustion  and  heat  absorption, 
neglecting  loss  of  combustible  in  the  refuse.  The  two 
relative  values  to  be  determined  were — for  the  furnaces, 
the  loss  due  to  escaping  hydrocarbons  and  incomplete 
combustion,  and  for  the  boilers  the  cooling  effect  pro- 
duced. With  Nos.  2  and  3  it  was  desired  to  determine 
the  relative  cooling  effect  only. 

The  efficiency  of  a  boiler  will  be  influenced  by  the 
initial  or  furnace  temperature,  and  by  the  capacity  at 
which  it  is  worked.  So  as  the  horse-power  increases 
the  effect  is  to  lower  the  efficiency,  and  as  the  initial 
temperature  is  lower,  so  is  the  heat  transfer,  and  as  a 
smaller  boiler  will  absorb  less  heat  than  a  large  one. 
the  determination  of  its  efficiency  according  to  some 
standard  becomes  a  complicated  problem.  With  the 
measure  of  performance  of  the  combined  boiler  and 
furnace    based    on    water  evaporated   from   and    at    212 
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degrees,  a  factor  of  evaporation  has  been  devised  to 
place  different  conditions  on  a  common  basis,  but  no 
factor,  or  set  of  factors,  has  as  yet  been  devised  to 
reduce  various  boiler  performances  to  any  standard  of 
comparison.  Therefore  to  determine  the  difference  in 
tfficiency  between  the  boilers  to  be  compared,  requires 
in  each  case  that  the  amount  of  heating  surface,  initial 
temperature,  and  amount  of  water  evaporated,  be  the 
same ;  these  requirements  being  met,  it  then  becomes 
possible  to  discover  the  relative  value  of  the  cooling 
effect  produced.  These  requirements  were  very  closely 
met  in  the  comparative  test  between  boiler  A  and 
No.  1,  and  also  between  Nos.  2  and  3.  In  fact,  the 
performance  of  the  four  boilers  is  so  nearly  on  the 
same  basis  as  to  be  suitable  for  comparison. 
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Table  A  contains  the  essential  data  concerning  the 
boiler  trials. 

Boilers  A  and  No.  i  are  practically  of  the  same 
size,  although  the  horse-power  of  the  latter  is  rated  by 
its  maker  31.3  per  cent  above  the  former.  The  horse- 
power developed  above  that  of  No.  i  by  boiler  A  is 
10.76  per  cent  and  its  CO.^  is  higher,  but,  owing  to 
unburned  volatile  combustible  equal  to  8.79  per  cent 
of  the  total  combustible,  the  condition  of  combustion 
is  less  favorable  for  this  boiler  than   appears  from  the 

CO  measurement.     The  conditions  for  these  two  boilers 

•I 

may,  therefore,  be  considered  tlie  same,  except  that 
with  A,  the  saturated  steam  temperature  was  25 
degrees  lower ;  for  this  reason  its  final  temperature  has 
been  raised  that  amount,  so  that  the  comparison  shall 
be  on  the  same  basis. 

In  the  case  of  boilers  Nos.  2  and  3  the  combustion 
was  complete.  With  No.  2  the  air  supply  and  horse- 
power were  slightly  less,  giving  it  a  small  advantage 
over  No.  3. 

Conditions  of  operation  being  the  same,  the  differ- 
ence of  cooling  effect  is  shown  by  the  difference  in 
final  temperature  measured  above  that  of  the  air 
supply ;  this  referred  to  the  initial  temperature,  also 
above  that  of  the  air  supply,  determines  the  efficiency 
of  the  boiler. 

Figure  i  illustrates  the  relative  efficiency  of  the 
four  boilers  that  are  being  considered.  The  initial 
temperature  is  shown  through  a  range  that  covers 
all  attainable  conditions.  From  an  inspection  of 
the  curves,  it  appears  that  the  efficiencies  of  boilers 
Nos.  I  and  2  fall  upon  the  same  line,  and  that  of  A^ 
which  varied  from  the  furnace  temperature,  is  from 
about  four  per  cent  at  4,000  degrees  to  20  per  cent 
at   720  dcifrees  above  the   efficiency  of    Nos.    i    and   2. 
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while    No.  3    is    more  efficient    than    that    of    y^.      If. 
however,  it    is    assumed    that    Nos.    1    and   2  discharge 
their  gases    through  an  economizer   that    would    reduce 
the  temperature  by  200  degrees,  then  the  efficiency  of 
the  combined  boilers    and    economizer  will  fall  on  the 
same  line  with  that  of  the  efficiency  of  No.  3  without 
an  economizer. 
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The    efficiency  curves    are    based    on  the  final  tem 
ature  being  constant  through  the  full  range    of   th 
iaj.     To    what    extent    this    is    true    is    shown    b 
Tire  2,  which  illustrates    the    relation  between  initia 
final    temperature,  the    cur\'e    l»eing    plotted    fron 
ultaneous    measurements.       It    appears    that    withi 
al    working    ranges    the    final    temperature    remain 

1 

1 

1 
s 

quite  constant.     The    value 
from  the  standpoint  of    fuel 
It  is  shown  in  Figure  3;   the 
and  2     being    taken    as    the 
an     efficient      boiler    when 
furnace,  is  forcibly  illustrated 
The    boiler    and    furnace 
special    features,    are    not    sh 

of    the    relative  efficiencies 

saving  is  quite  important. 

efficiency  of  boilers  Nos.  i 
standard.      The  value    of 

served     by    an    inefficient 

. 
of    type    A.    having    no 

own,    but    Figure    4    is    a 

II 
i| 

Fig.  2— Relation  of  Final  to  Isjthl  Temperature,  Boiler  No.  3 

^^^P            vertical  longitudinal  section  illustrating  boilers    Nos.    1, 
^^^             2  and    3.     The    heavy    arrow    shows    the    path  of    the 
1                       heated    gases    through    Nos.    1    and    2.     The  travel    in 
1                       No.    3    is    shown    by    the    dotted    arrows.       The    two 
1                       baffles    added     in    this     boiler    are    indicated     by    the          , 
1                       horizontal  dotted  lines ;  the  lower  of  these  was  located 
^^H              so  that  between  its  ends  and  the  back  water  leg  th^rc 
^^^fe            is  a  space  of    four  inches   left  open  for  the  full  width 
^^H^           of  the    boiler,  to    allow    dust    to    drop    down    to    the          | 

chamber     below.      Owing     to    this     opt-ning,    the    gas 
travel    is    split    into  two  parts,  a  minor  portion  taking 
the    more    direct    and    shorter    route    by   way    of    this 
opening,  as  shown  by  one  of  the  dotted  arrows,  so,  in 
fact,  the  effect  on  the  hot  gases  of  the  three  passes  is 
not  entirely  secured.     Figure  5  illustrates  a  section  of 
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1                         Fig.  3— Saving  Made  Over  Boilf.rs  Nos.  i  and  3  by  Boiler  A 
t                                                               AND  Boiler  No.  3 

the    tiles    which    encircle    the    lower    row  of  tubes  and 
provide  a  tile    roof   to    the    furnace    extending  beyond 
the  bridge-wall.      The    application    of    these   tiles   was 
devised  by  Mr.  W.  L.  Abbott  for  reasons  that  will  be 
discussed  later.      Figure  6  shows   the   tiles    which  close 
fc             the  spaces  between  the  lower  row  of  tubes  back  of  the 

Fk.    4— VtKTILAL   LoNdlTl'DINAL  SeCI'ION   OF    BolLF.RS   Nns.    I,   9   AND  3 


Fio.  5— Section  or  Tilks  Encircling  Lower  Row  of  Turn 
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encircling  tiles.     They  are   those  regularly  supplied  by 
the  maker  of   the    boiler,  and   leave  the    lower  half  ot 


Fig.  6— Tiles  Closing  Spaces  Between  Lower  Row  of  Tubes 

Back  op  Encircling  Tiles 


the    tube    exposed    to    the    passing   hot    gas    and    are 
usually  known  as  the  T  tile. 


TABLE    B 


Temperature  initial 

**            at  end  of  first  oass 

2012"     F 
908"     ** 
680'     *• 

?55^     " 
480.2"  •* 

'*            at  top  of  second  pass 

**            at  bottom  of  third  oass 

*•            at  final 

Drop  in  temperature  first  pass 

••               **            drums 

1107'F 

158  •' 

70'' •• 

125*'* 

75"' 

72.064't , 

10.29'? 
4.59-; 
8.16'r 
4.896^ 

"              **            superheater 

"               **            Fecond  pass  ..    

••              ••             third  pass 

Total 

1532  F 

100.000 ; 

Horsc-Dower  develooed  in  first  oass 

■<2I 

••                   •'          in  drums 

AX 

•*                   ••          in  superheater 

"                   **          in  second  pass 

in  third  pass 

*T'T 

20 

35 
22 

Total 

442         i 

1 

Inasmuch  as  there  is  a  great  difference  in  the  cool- 
ing effect  between  the  boilers  compared,  it  will  be 
interesting  to  study  the  reason  therefor,  and  also  to 
examine  the  drop  in  temperature  of  the  gases  on  the 
way  through  the  heating  surface.     Regarding  this  latter 


tSo 

phase  uf  the  matter,  Table  B   gives    in    detail  the  per 
formance    illustrated  in  Figure  7,    which  i^i    a    curve  0: 
temperature    drop    through    the    surface    of    boiler    A 
platted    from    measurements     taken    during    the    trial. 

' 

i 

m 

t. 

s"" 

> 

1 

\ 

k 

t 

'S 

s 

^ 

. 

* 

•^ 

^ 

*■ 

■^ 

^ 

■ 

_j 

1— 

-J 

. 

t_ 

M 

-J 

^ 

^ 

J_j 

_ 

ti 

k 

■  ' 

F 

»> 

- 

- 

»- 

-1 

Ai- 

-,. 

ai 

in 

*4 

U 

fM 

S 

^ 

:^ 

^^H           Fir 

^^        Fro 
1                  the 

1                 the 

7-DR'JI-   in    Ga=   TtMPLRATUKE   IN    BolLER    A    UF   400    HoRSE-P..WBi[ 

m  this  it  appears  that  the  same  length  of  travel  in 
last  pass  gave  only    6.7  per    cent    of    the    cooling 

ct  of    the    first    pass,  illustrating    the    importance  of 
gases  being  in  contact  with  the  heating  surface  for 

ong  a  period  as    practicable    if    large    cooling  effect 

be  secured.     Figures  S  to   1 1    show  measurements  taken           ^^^| 
among  the    tubes    of    boiler    No.   2    and    also  apply  to  ,        ^H 
No.    I.     Figure  8  shows  prevailing  temperature  among 
the  tubes  45  inches  back  from  the  water  leg,  from  the 
bottom  to  the  top  of  the  boiler.     The  measurement  at 
the  first,  or    lowest,  stay-bolt,  shows   the    effect    of   the 
heat  from  the  tile  roof  immediately  over  the  lire.     The 
mhiimum  temoerature  is  betweeti  the  second  and  third 

a 
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Stay-bolts ;    above    this    it    rises    until    at    the    point    of 
escape  thf  maximum    is   reached,  showing  that  on    the 
line  of  the  measurements  the  highest  temperature  is  at 
the  point    of   exit,     The    drop    of    the    ninth    measure- 
ment is  owing   to   the    sudden    change    in    the  path  of 
gas  travel  over  the  end  of  the  baffle  at  the  top  of  the 
boiler,   which    causes    the    hottest    point    to    be    carried 
back  slightly   more  than    45    inches    at  this  ninth  stay- 
bolt. 

Fiffure  9  is  a  curve  from  measurements  taken 
through  the  ninth  or  top  scay-holt  on  a  horizontal  line, 
across  and  beyond  the  path  of  the  gases  at  the  exit 
from  the  tubes ;  the  highest  temperature  is  found  at  a 
point  46.5  inches  back  from  the  inside  face  of  the 
water  leg.  From  this  point  in  each  direction  there  is 
a  rapid  drop  as  the  distance  proceeds. 

In    Figure    10    one    of    the    curves    shows   the    per- 
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centage  of  carbon  dioxide  in  the  gases  on  a  line  30 
inches  inside  and  parallel  with  the  front  water  leg  of 
boiler  No.  2  It  will  be  observed  that  the  measure- 
ments in  the  lowest  part  of  the  front  of  the  boiler  are 
extremely  low;  the  first  two,  however,  show  the  effect 
of  leakage  through  the  furnace  roof.  The  contrast 
between  boilers  Nos.  2  and  3  in  this  respect  is  remark- 
able.      As    analysis    showed    the    CO,    to    be    low    on 


account  of  the  presence  of  air,  it  is  proof  that  this  air           ^^^| 
must    have    entered    by  leakage,    and    as    such    leakage           ^^H 
could  not  be  very  large  it  follows  that  the  path  of  the 
gases  does  not  extend  to  the  front  lower  corner  of  the 
boiler,  or    along    close    to    the    front    water    leg.     This 
may  be  considered  proven  by  the    curve  of    CO^  from 
boiler    No.    3,   sul)ject    to   the    same    leakage,    but  with 
1            an   arrangement    of    baffles   which    caused    the    flow    of 

NUMBIR  or    STAY  9aLT    OI^NIKSft.  REAOlNli  UP. 
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the  gases  to  be  carried  into  the  front  lower  corner  and 
nearer  to  the  front  water  leg.      It  is  further  illustrated 
hy    Figure    11,    giving    CO,    measurements    across    the                      1 
path  of  the  gases  at  the  exit  from  boiler  No.   2,  show- 
ing   that    the    CO,    increases    with    the    distance    away 
from  the  water  leg,     From  measurements  made  ihrough 
the    back    water    leg    of    boilers    Nos.    1    and    2,  it    is 
shown  that   a   similar   condition    to    that    in    the    lower 

;_       J 

front  comer  existed  in  the  upper  back  comer  of  the 
tube  surface,  but  on  a  reduced  scale,  showing  that 
with  these  boilers  the  back  upper  corner  performs  a 
small  amount  of  work  and  the  front  lower  comer  still 
less,  also  that  the  active  portion  of  the  heating  surface 
is  on  a  diagonal  line  from  the  lower  back  to  the  front 
upper  corners.  It  shows  further  that  the  volume  of 
the  moving  gas  body  is  of  decreasing  magnitude  as  it 
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proceeds,  and  that  as  its  centre  is  approached  the 
temperature  is  hitrhcr,  so  it  is  prot)al)!c  that  its  centre 
is  moving  at  a  much  higher  velocity  than  its  surface. 
According  to  Figure  9  it  would  appear  that  the  greater 
portion  of  gas  was  flowing  through  the  space  of  one 
foot  at  the  front  end  of  llie  top  liafHe,  and  if  an 
opening  four  feet  long  from  the  furnace  at  the  lower 
back  corner  is  large  enough,  it  would  follow  that  % 
space  considerably  less  at  the  outlet  would  answer. 
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As  ihe  volume  of  the  gases  decreases  rapidly  with 
drop  in  temperature,  it  is  probable  that  boiler  A 
would  be  improved  by  passing  the  gases  across  it  four 
times  in  passages  of  properly  proportioned  size,  not 
adding  to  the  amount  of  heating  surface,  but  bringing 
more  of  it  into  active  use;  because  with  this  boiler,  as 
with  Nos.  I  and  2,  the  tendency  is  for  the  gases  to 
flow  in  a  narrow  path  diagonally  across  the  tube 
surface  of  the  pass. 

It  is  apparent  that  the  greater  efficiency  of  boiler 
A  as  compared  with  No.  i  is  not  owing  to  difference 
in  amount  of  heating  surface,  but  to  greater  length  of 
travel  of  the  gases  in  contact  with  the  same  amount 
of  surface,  or,  in  other  words,  greater  length  of  lime 
for  the  transfer  of  heat.  This  is  still  better  illustrated 
by  boilers  Nos.   2  and  3. 

The  efficiency  of  the  A  type  as  compared  with 
that  of  Nos.  1  and  2  is  based  on  this  particular  type, 
which  is  a  high  "double-deck"  apparatus,  and  it  does 
not  follow  that  a  lower  type  would  show  such  superi- 
ority. This  may  be  illustrjted  by  assuming  that  boilers 
A  and  No,  i  be  each  reduced  one-half  in  height,  when 
the  effect  would  Ite  that  the  length  of  the  travel  of 
the  gases  with  A  would  be  reduced  50  per  cent,  while 
with  No,  I  the  reduction  would  anount  to  less  than 
ten  per  cent  ;  so.  as  the  height  is  less,  the  efficiency  of 
A  drops  off  very  much  faster,  and  white  the  gain  in 
the  high  No.  2  over  the  low  No.  i  type  is  small, 
with  that  of  A  it  is  very  large. 

The  initial  temperature,  or,  in  other  words,  the 
condition  of  combustion,  has  more  efTect  on  the 
efficiency  of  the  steam-generating  apparatus  than  has 
the  cooling  efTect  of  the  boiler.  This  is  shown  by  the 
efficiency  curves  Figure  i,  and  if  choice  lay  between  the 
two,  that  of  high  initial  temperature  would  be  chosen ; 
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but  high  initial  temperature  is  always  dependent  on 
skillful  manipulation  of  the  fire,  and  its  attainment  is 
difficult  and  more  or  less  uncertain,  while  the  superior 
boiler  efficiency  has  a  fixed  value  not  dependent  on 
the  skill  of  the  operator,  and  this  value  increases  as 
the  initial  temperature  decreases.  There  might  be 
some  question  as  to  whether  the  full  value  of  a  good 
furnace  would  always  be  realized,  but  there  could  be 
no  failure  to  realize  the  value  of  an  efficient  boiler. 

The  most  remarkable  feature  of  this  matter  of  boiler 
efficiency  is  that  the  simple  addition  of  inexpensive 
baffles,  with  no  labor  cost  for  operation  and  requiring 
no  additional  room  in  the  plant,  gives  results  equal  to 
an  economizer  requiring  a  large  investment,  consider- 
able expense  for  maintenance,  and  a  large  amount  of 
space  for  its  installation. 

The  foregoing  refers  to  the  boilers  only,  and  it  is 
now  in  order  to  examine  the  furnace  performance. 
The  comparative  test  between  A  and  No.  i  gave  the 
following  relation  between  the  two  apparatus  : 

A  No.  I 

1.  Efficiency  of  combined  boiler  and  furnace 57.83  59«^3 

2.  "         of  boiler 7769  70.12 

3.  Superior  efficiency  of  boiler 7.57 

4.  "       efficiency  of  furnace   8.86 

Item  I  includes  all  losses  except  that  of  combus- 
tible in  the  refuse,  all  other  losses  except  hot  gases 
and  combustion  being  the  same  for  each  apparatus. 

Item  2  is  the  measure  of  the  cooling  effect  pro- 
duced bv  each  boiler. 

Item  3  is  the  difference  in  the  cooling  effect 
produced  by  the  two  boilers. 

The  superiority  of  the  furnace  under  boiler  No.  i, 
Item  4,  is  owing  to  better  combustion,  there  being  a 
loss  of  8.86  per  cent  with  the  furnace  of  the  A  boiler^ 
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due  to  escaping  hydrocarbons  and  incomplete  combus- 
tion, the  air  supply  being  considered  the  same  in  each 
case.  The  reason  for  the  difference  in  combustion  with 
these  two  furnaces  will  be  understood  when  each  is  ex- 
amined in  detail.  The  furnace  under  the  numliered 
boilers  will  hereafter  be  referred  to  as  the  tile-roof  fur- 
nace, and  the  other  as  the-  A  furnace ;  the  former  is 
shown  in  elevation  by  Figure  4 ;  the  roof  is  made  with 
tiles  shown  by  Figures  5  and  6.  The  distance  from  the 
coal  gate  at  the  front  of  the  furnace  to  the  end  of  this 
lile  roof  is  16  feet,  a  distance  through  which  the  gases 
must  travel  before  coming  in  contact  with  the  boiler 
surface  except  in  the  lower  half  of  the  bottom  row  of 
tubes,  which  for  a  distance  of  about  four  feet  back  of 
ihe  bridge -wall  are  exposed  as  shown  by  Figure  6, 
;here  being  a  distance  of  travel  of  12  feet  with  no 
cooling  effect,  except  that  of  radiation  from  the 
exterior  furnace  walls  and  through  the  tile  roof. 
During  the  interval  of  time  that  the  gases  are  moving 
through  this  distance  of  16  feet  their  mixture  is 
proceeding,  so  that  before  they  have  reached  a  point 
among  the  tubes  where  the  temperature  has  dropped 
lo  a  point  below  which  union  will  be  effected,  the 
mixture  is  completed ;  or,  as  more  generally  under- 
stood, complete  combustion  is  effected. 

With  the  A  furnace  the  gases  from  the  fire  rise 
-immediately  and  pass  among  the  tubes  of  the  boiler. 
There  being  not  to  exceed  three  feet  in  distance  for 
the  gases  to  travel  before  the  tubes  of  the  boiler  are 
reached,  the  temperature  soon  drops  to  a  (X)int  at 
which  chemical  union  does  not  take  place ;  the  result 
is  an  escape  of  unoxidized  combustible  in  the  form  of 
hydrocarbons,  carbon  monoxide  and  free  carbon. 

Figure  1 2  is  a  reproduction  of  a  photograph  of  a 
frfanl  containing  the    tile-ruof    furnaces    described,  and 


also  the  A  furnaces    set    under  the  A  type  of  boilen 
This  was    taken    at  a  time  when    the  plant  was   work 
ing   at    about    its    full    rated    capacity.      The    four 
chimneys    serve    24    boilers    of    the    type  desiixnated 
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-Plant  Cuntaimnu  ike  Tii.t.Roo 
Set  Under  A  Type  o 


Nos.  :  to  3,  fitted  with  the  tile-roof  furnace, 
equipped  with  chain-g^ratc  stokers  of  the  A  type,  with  i 
total  grate  area  of  1,732  square  feet,  and  with  a  total 
of  104,980  square   feet  of    boiler-heating   surface.     The 


draught  over  the  fire,  measured  in  inches  of  water, 
ranges  from  0.15  to  0.45.  The  shorier  chimney  on 
the  right  serves  four  .-1  type  boilers  of  a  total  heating 
surface  of  30,000  square  feet,  equipped  with  chain- 
grate  stokers  having  a  total  grate  area  of  306  square 
feet  ;  the  draught  over  the  fire  ranges  from  0.20  to  0.25 
in  inches  of  water.  Ths  coal  being  hurned  at  the 
time  this  photograph  was  taken,  contains  combustible 
matter  that  will  average  about  59.7  per  cent  fixed 
carbon  and  40.3  volatile  matter.  It  has  a  heating 
power  of  an  average  of  13,600  B.  T.  U.  per  pound,  and 
is  what  is  considered  the  poorest  coal  that  is  mined  in 
Illinois  on  an  important  ^cale ;  it  is,  however,  the  coal 
that  gives  the  most  heat  from  a  money  value  in  the 
Chicago  market,  and,  like  all  Illinois  coals,  will  make 
much  smoke  when  conditions  are  favorable.  The 
appearance  of  the  four  chimneys  which  serve  the  tile- 
roof  furnaces,  compared  with  that  of  the  o;hers  serving 
the  A  type,  is  evidence  of  the  difference  in  action  of 
the  two  kinds  of  furnaces. 

The  theory  of  the  action  of  the  tile-roof  furnace 
may  be  given  as  follows :  The  coal  entering  at  th;; 
front  of  the  furnace  has  its  volatile  matter  rapidly  dis- 
tilled in  the  form  of  a  hydrocarbon  gas  in  excess  of 
the  air  supply  at  the  front  of  ihe  fire,  and  flowing 
back  mrets  a  larger  air  supply  from  the  back  of  the 
tire,  where  the  fuel  bed  is  thinner.  With  this  it  mixes, 
the  excesi  of  air  from  the  back  satisfying  the  defi- 
ciency at  the  front;  and  being  thoroughly  mixed  in 
the  chamber  below  the  tile  roof,  it  becomes,  strictly 
speaking,  a  product  of  combustion  at  high  temperature, 
which  carries  its  heat  from  the  furnace  to  the  boiler. 
Assuming  that  the  action  of  this  furnace  is  as  described, 
it  would  apt>ear  possible  to  obtain  complete  combus- 
tion   with    no   air    in    excess;    the    indications   are  that 


this  is  possible.  With  one  of  these  furnaces  carefully 
worked,  and  with  the  draught  pressure  at  a  certain  deter- 
mined intensity,  it  was  possible  to  maintain  an  average 
as  high  as  1 7  per  cent  CO,,  and  for  a  few  short 
intcr\"als  obtain  as  high  as  19  according  to  the  econo- 
meter  connected  to  the  furnace.  There  was  no  oppor- 
tunity to  test  this  condition  with  analysis,  however, 
owing  to  the  short  duration  of  the  intervals,  but  the 
econometer  checked  very  closely  with  analysis  at  lower 
ranges.  With  the  extremely  small  air  supplies  as  given 
here,  if  the  feed  of  coal  was  increased,  it  was  accom- 
panied by  a  raise  in  CO^  to  the  apparent  theoretical 
maximum,  after  which  it  fell,  owing,  presumably,  to 
c-arbon  being  oxidized  to  carbon  mono.xide,  but  there 
appeared  to  be  no  tendency  for  carbon  to  be  set  free. 

With  the  A  type  chain-grate  stoker  and  boiler,  or 
similar  boilers  and  furnaces,  the  gas  distilled  at  the 
front  of  the  fire  flows  directly  among  the  tubes,  and 
results  in  loss  by  un burned  hydrocarbons  and  free 
carbon,  the  latter  making  smoke,  while  Ihc  large  excess 
of  air  from  the  thinner  back  end  of  the  fire  also  Hows 
directly  among  the  tubes,  but  at  a  different  point,  and 
there  is  but  poor  mi.xturc.  With  such  furnace,  the 
smoke  and  loss  of  hydrocarbons  will  drop  off  with 
incrc  sed  excess  of  air,  owing  to  a  stronger  draught ; 
but  the  loss  from  this  increased  excess  of  air  is  greater 
than  the  combustion  gain,  therefore  best  efficiencies 
are  to  be  obtained  with  the  smoky  condition. 

The  above,  concerning  the  three  types  of  boilers 
and  two  kinds  of  furnaces  under  discussion,  may  be 
followed  by  an  examination,  as  far  as  present  knowledge 
will  allow,  of  the  single  type  of  stoker  that  is  to  be 
considered.  This  is  the  chain-grate,  and  the  one  that 
is  the  nearest  approach  to  an  automatic  machine ;  but 
in    practice    tt    is    decidedly    unsatisfactory    so     far    as 
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efficiency  is  concerned.     The  best  performance  secured 
with  these  stokers  in  the  tile-roof   furnace  boilers  is  as 

follows  ; 


Pcmnds  of  naier  evaporated  per  hour  per  square  /ool 

of  heating  surface 4.1 

Horse-power  per  square  fool  of  grate 6,13 


6^.8 


From  these  examples  the  eflficiency  has  ranged 
down  to  40  per  cent  and  capacity  in  proportion.  The 
size  of  the  coal  used  has  an  important  effect  on 
capacity — all  other  conditions  being  the  same — and 
may  affect  the  result  as  much  as  60  to  80  per  cent. 
The  greatest  fault  thus  far  recognized  in  chain-grate 
stokers  is  the  air  leakage  into  the  furnace  at  the  back 
end  of  the  grate.  This  and  loss  of  combustible  in  the 
refuse  are  its  major  faults.  With  the  grate  as  usually 
made  and  installed,  an  effort  to  prevent  fuel  being 
discharged  over  the  back  end  by  running  short  fires, 
is  accompanied  by  an  increase  of  the  excess  of  air 
that  often  overbalances  the  fuel  saving. 

The  entrance  of  air  at  the  back  end  of  the  grate 
is,  strictly  speaking,  a  leakage  ;  its  entrance  is  by  way 
of  openings  at  the  side  of  the  stoker,  between  the  top 
and  bottom  chain  and  under  the  traveling  grate,  and 
into  the  furnace  by  way  of  the  opening  between 
the  bridge-wall  and  the  end  of  the  grate.  Fur  this 
leakage  at  the  back  of  the  fire  there  are  two  remedies ; 
one  is  to  make  the  opening  for  the  discharge  of  the 
refuse  only  large  enough  to  allow  the  ash  to  pass  out, 
and  keep  the  end  of  the  fire  in  contact  with  the 
bridge-wall.  This  o|X'ning  may  be  restricted  by  build- 
ing the  brick  bridge-wall  the  required  distance  above 
the  grate,  or  by  building  into  the  point  of  the  wall  a 
metal  box  or  pipe    through  which  water   circulates    for 


the  purpose  of  keeping  it  cool,  The  disadvantages  of 
the  brick  wall  are  that  the  clinker  readily  adheres  and 
makes  trouble,  and  that  the  life  of  the  brick  at  the 
lower  edge  is  very  short,  requiring  frequent  and 
expensive  renewal.  The  size  of  the  opening  is  a 
matter  that  is  necessarily  unsatisfactory,  because  the 
amount  of  ash  in  the  coal  will  differ  and  the  opening 
must  be  large  enough  to  accommodate  the  largest 
amount,  consequently  being  too  large  when  ash  is  low. 
The  performance  designated  as  example  No.  i  was 
obtained  with  the  brick  wall  described,  and  owing  to 
an  extremely  large  amount  of  ash  in  the  coal  the 
effect  was  to  close  the  opening  at  the  end  of  the 
grate  largely  with  ash  rather  than  with  fuel,  resulting 
in  a  comparatively  small  loss  to  the  ash  pit.  Of  these 
two  means  for  keeping  the  air  from  leaking  into  the 
furnace  by  maintaining  a  joint  between  the  end  of  the 
fire  and  the  bridge-wall,  the  water-back  is  the  most 
satisfactory. 

The  other  method  of  stopping  air  leakage  at  the 
end  of  the  fire  consists  in  closing  the  openings  at  the 
sides  of  the  stoker  frames,  between  the  bottom  chain' 
and  the  floor  under  the  stoker,  and  between  the  upper 
and  lower  chains.  With  this  scheme  the  air  le.ikage 
is  avoided  without  keeping  the  fire  against  the  bridge- 
wall.  It  was  with  this  method  that  the  performance 
designated  as  example  No.  2  was  obtained  ;  the  large 
capacity  was  owing  to  the  use  of  washed  coal  from 
the  Wilmington  district  of  Illinois.  At  the  present 
time  the  best  means  to  ofTer  for  the  remedy  of  the 
faults  at  the  back  end  of  the  fire  is  to  seal  off  tl 
leaks  as  mentioned  in  the  second  method,  and  the  u! 
of  the  water-back  located  as  close  to  the  grate 
practicable.  The  latter  performs  an  important  offii 
inasmuch  as  it  is  an  insurance  against  carelessness 
running  the  fires  over  ihc  back  end  of  the  grate. 


The  foregoing  has  treated  only  of  the  excess  of  air 
coming  from  the  back  end  of  the  grate,  but  it  does 
not  entirely  cover  the  subject  of  excess  of  air.  With 
the  furnace  of  the  .-?  type,  i  2  per  cent  CO^  is  about 
the  maximum  under  any  condition.  This  is  also  true 
of  the  tile-roof  furnace  unless  the  fire  is  so  operated 
that  a  considerable  excess  of  volatile  combustible  is 
evolved  at  the  front  end  of  the  fire  and  mixed  with 
the  excessive  air  from  the  thin  tire  at  the  back.  But 
the  evolution  of  an  excess  of  volatile  combustible 
requires  either  a  thick  fuel  bed  or  a  low  draught,  and 
it  appears  that  the  thickness  of  fuel  bed  and  strength 
of  draught  are  features  of  importance. 

With  chain  grates  as  generally  installed  and  oper- 
ated, ail  other  conditions  being  the  same,  a  reduction 
in  the  draught  over  the  fire  results  in  increased 
efficiency  and  reduced  capacity.  On  the  other  hand, 
an  increase  in  draught  over  the  fire  increases  the 
capacity  but  reduces  the  efficiency.  In  the  plant 
mentioned  as  having  the  tile-roof  furnaces,  draughts 
over  the  fire  range  from  o.  1 5  to  0.45  in  inches  of 
water,  but  the  attainable  depth  of  fire,  height  of  coal 
in  the  hopper  and  speed  at  which  the  grate  travels,  are 
the  same  for  each  strength  of  draught.  It  is  entirely 
reasonable  to  assume  that  if  0.15  is  strong  enough, 
0.45  is  too  strong;  likewise  that  if  0.45  is  right  0.15 
is  too  low ;  and  it  is  apparent  that  the  dimensions  of 
the  stokers  and  the  various  draughts  are  not  in  pro- 
portion to  each  other.  In  this  plant  the  high  efficien- 
cies are  always  obtainable  with  the  lowest  draughts, 
and  the  highest  capacities  with  the   strongest  draughts. 

It  is  the  general  tendency  to  seek  a  strong  draught 
over  the  fire  with  chain^rate  stokers,  and  for  this  pur- 
pose induced  mechanical  draught  apparatus  and  tall 
chimneys  are  employed  ;     but  suction  draughts  may  be 
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so  strong  as  to  cause  such  an  excess  of  air  to  How 
through  the  coal  iti  the  hopper  as  to  prevent  the  fuel 
from  igniting.  It  is  possible  that  a  moderate  suction 
above  and  a  pressure  above  atmosphere  under  the  fire 
will  give  the  most  satisfactory  results  when  large  capa- 
cities are  required. 

Loss  of  combustible  in  the  refuse  with  chain^rate 
stokers  has  been  observed  as  low  as  one  per  cent. 
With  the  tile-roof  furnace,  complete  combustion  with- 
little  or  no  excess  of  air  has  been  secured,  and  if  such 
desirable  furnace  conditions  are  combined  with  the 
performance  of  boiler  No,  3,  it  will  make  an  important 
improvement  over  the  best  prevailing  practice.  It  is 
probable  that  this  is  the  most  efficient  boiler  of  which 
there  is  any  record.  About  the  highest  efficiency 
reported  is  that  of  a  Thomycroft  boiler  by  Professor 
Kennedy,  showing  86.8  per  cent  of  the  heat  absorbed 
when  evaporating  1.24  pounds  of  water  per  square 
foot  of  heating  surface  per  hour  with  a  condition  of 
combustion  about  the  same  as  that  with  No.  3;  under 
these  conditions  the  gases  left  at  41  degrees  Fahrenheit 
above  steam  temperature.  With,  however,  an  evapora- 
tion of  3.2  pounds  of  water  per  square  foot  of  heating 
surface  and  a  somewhat  better  combustion,  the  gases 
left  at  165  degrees  Fahrenheit  above  steam  tempera- 
ture. In  the  case  of  boiler  No,  3  the  gases  left  at  92 
degrees  above  steam  temperature  when  evaporating 
4.17  pounds  of  water  per  square  foot  of  heating  sur- 
face. No.  3  is  a  more  efficient  boiler  than  A,  but 
owing  to  its  design,  there  is  no  favorable  location  for 
a  superheater.  With  the  A  type,  the  design  affords 
an  excellent  location,  which  is  sufficiently  removed 
from  the  excessive  furnace  temperature,  and  at  a  |X)int 
where  it  is  high  enough  to  ensure  the  desired  effect. 

There  is   one    feature    of    the    tile-roof    furnace  pre- 
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viousiy  mentioned,  which  is  of  considerable  importance. 
It  is  the  protection  afforded  to  the  lower  row  of  tubes 
of  the  boilers  designated  as  Nos.  i  to  3.  It  has  been 
the  maker's  practice  to  use  the  tiles  shown  by  Figiire  6. 
This  leaves  one-half  of  the  bottom  row  of  tubes 
exposed  to  the  full  furnace  action  ;  it  does  not  matter 
that  there  are  many  hundreds  of  feet  of  surface  in  the 
boiler  above,  because  the  gases  do  not  come  in  contact 
with  this  surface  until  after  leaving  the  furnace.  As 
with  an  economizer,  the  boiler  is  heated  first.  Apply- 
ing this  illustration  to  the  surface  exposed  to  the  fire, 
the  1 10  square  feet  over  the  furnace  may  be  assumed 
to  be  the  boiler  surface.  This  would  mean  that  there 
are  about  1,5  square  feet  of  heating  surface  per  square 
foot  of  grate ;  the  result  is  that  the  tubes  in  the 
bottom  row  become  blistered,  bent  out  of  line  and 
fail,  owing  probably  to  the  area  of  the  tube  not 
affording  sufficient  water  supply.  But  with  the  tiles 
in  place,  the  tubes  in  the  lower  row  remain  as  straijibt 
and  in  as  good  condition  as  those  in  the  uppermost 
row. 

In  concluding  this  paper,  it  will  be  interesting  lo 
make  a  comparison  of  the  principal  losses  that  occur 
with  boilers  and  furnaces.  For  this  purpose  Figures  13 
and  14  have  been  prepared.  These  diag^rams  are  de- 
sicned  to  be  pictorial  illustrations  showing  the  relations 
that  these  individual  losses  bear  to  each  other,  and 
would  be  best  shown  by  one  diagram  if  it  were  not 
for  the  complication  of  a  large  number  of  lines  in  one 
figure.  For  this  reason  the  boiler  loss  is  shown  in 
Figure  13  and  that  of  the  furnace  in  Figure  14;  with 
the  former  the  performance  of  boiler  No,  3  is  selected 
to  represent  the  loss  owing  to  decreasing  coo  ing 
effect  with  a  very  efficient  boiler,  and  No.  2  for  a  much 
less  efficient  boiler.     The  zero  of   loss  is  taken   at  the 


steam  temperature,  because  below  this  point  no  further             1 
cooling    of    the    gases    can    take    place ;     the    range    of             1 
capacity  is  carried  up  to  the  evaporation  of   12   pounds 
of   water  per  square  foot  of    heating   surface  per  hour, 
and  the  location    of  the    lines  is   governed  by  the  per- 
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so  hard  that  its    efficiency  would    become    zero.       The 
representation  by    straight    lines  ■  is   sufficiently    correct, 

hiiwevcr,   for  the  purpose  in  hand. 
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Referring  to  Figure  14,  the  losses  owing  to  com- 
bustible in  the  refuse,  carbon  burned  to  carbon 
monoxide,    and    to    escaping    volatile    combustible,    are 


each  carried  to  the  theoretical  maximum.  It  is,  of 
course,  impossible  that  all  of  the  volatile  matter  could 
escape  unburned  ;  or  that  all  of  the  carbon  could  be 
oxidized  to  carbon  monoxide,  as  'this  is  unattainable 
even  in  a  gas  producer.  Neither  would  it  be  possible 
for  ail  of  the  combustible  to  be  lost  in  the  ash  pit, 
because  then  there  could  be  no  tire.  But  it  is  useful 
to  represent  these  three  losses  through  this  entire  range 
for  purpose  of  comparison  with  that  owing  to  excess  of 
air.  The  calculation  of  the  loss  of  escaping  volatile 
matter  is  based  on  Pittsburg  coal.  The  curve  of  excess 
of  air  is  based  on  a  final  temperature  of  550  degrees 
Fahrenheit  and  a  combustible  of  1 4,000  B.  T.  U. 
per  pound.  As  mentioned,  the  combustible  losses  can 
never  be  as  high  as  100  per  cent,  but  the  loss  by 
excess  of  air  can  be  as  high  as  that,  because  with  a 
small  fire  and  large  enough  air  supply,  the  initial 
temperature  may  be  as  low  as  that  of  the  boiler.  For 
this  loss  to  be  over  100  per  cent,  however,  requires 
that  stored  heat  from  brick-work  and  furnace  walls  be 
given  up  to  the  air  and  gases  in  the  furnace  in 
addition  to  the  heat  from  the  fuel ;  such  loss  can  exist 
for  only  a  short  time  because  the  brick-work  would 
soon  become  cooled.  But  that  it  is  possible  is  proven 
by  measurements  showing  a  final  temperature  of  520 
degrees  with  one  per  cent  of  CO^. 


IliSCUSSHlN 

The  pRtsiDENT  :  Mr.  Bemeni's  paper  is  open  for  dis 
We  shall  be  glad  to  hear  from  any  one.  You  are  all  interested 
in  efficiencies  of  all  kinds,  and  this  is  an  important  subject. 
There  surelv  must  be  some  one  of  our  members  who  has  some- 
thing special  to  say  upon  it. 

Mb.  W.  L.  Abekitt  (Chicago)  :  This  question  of  boiler  and 
furnace  efficiency  has  been  my  hobby  for  several  years.  I  read 
a  paper  in  this  room  three  years  ago  before  this  association, 
ihc  principal  part  of  v 


referred  to  work  ii 


■  boiler- room. 
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At  that  time  1  was  convinced  that  that  was  the  important  end 
of  the  power  station,  and  the  further  I  go  into  the  matter,  the 
more  am  I  convinced  that  it  is  the  beginning,  if  not  the  end,  of 
our  success  and  of  our  trouble.  I  chink  Mr.  Bement's  paper 
brings  out  very  strongly  one  important  fact,  which  is  that  we 
are  often  ignorant  of  the  fact  that  a  large  proportion  of  the 
heating  surface  of  the  boiler  is  lying  dormant  and  that  the 
remaining  portion  of  ihe  boiler,  which  is  in  service,  is  being 
overworked  to  such  an  extent  that  we  get  comparatively  poor 
efficiency  from  the  boiler  in  comparison  with  what  we  should 
get  if  the  boiler  were  so  arranged  that  all  the  heating  surface 
was  brought  into  equal  use.  I  will  state  the  proposition  in 
another  way  :  If  all  the  healing  surfare  of  the  boiler  were 
brought  into  use,  we  could  use  the  boiler  to  a  much  greater 
capacity  with  the  same  etficiency  than  we  ordinarily  do.  The 
following  is  an  old  illustration  with  the  common  tubular  boiler: 
Take  a  stick  of  dry  pine  wood,  stand  it  up  inside  the  smoke 
extension  in  front  of  the  centre  row  of  tubes,  and  let  it  stay 
there  for  a  short  time  ;  then  lake  it  out  and  examine  it  and  you 
will  find  that  portion  of  the  stick  that  was  opposite  to  the 
upper  row  of  tubes  is  much  charred,  while  the  portion  near  the 
bottom  row  of  tubes  is  scarcely  charred  at  all  ;  showing  that 
the  gases  that  came  through  the  upper  row  of  tubes  were  hotter 
than  those  in  the  bottom  tubes  ;  this  also  signifies  that  the 
gases  traveled  through  the  upper  row  of  tubes  faster  than  at 
the  bottom,  and  on  that  account  were  not  cooled  as  much  as  at 
the  bottom.  With  a  proper  distribution  of  the  draft  the  gases 
would  be  made  to  travel  through  all  the  tubes  uniformly,  and 
the  average  temperature  of  the  front  end  would  be  much  lower 
than  it  usually  is.  The  same  thing  applies  to  some  types  of 
water-tube  boilers.  Where  these  things  are  not  carefully  con- 
sidered and  guarded  againsi,  the  gases  are  sure  to  take  a  short 
cut  through  the  boiler  in  some  way  or  other  and  leave  "dead 
pockets."  This  matter  is  clearly  brought  out,  I  believe,  in  the 
full  text  of  the  paper  that  Mr.  Bement  read  only  in  abstract. 

The  reference  to  the  reduction  of  the  amount  of  smoke  is 
also  a  very  vital  one  to  those  who  are  operating  stations  with 
soft  coal  in  large  cities.  There  are  innumerable  methods  for 
preventing  smoke,  and  some  of  them  sometimes  work  in  some 
places  while,  for  reasons  for  which  no  one  can  account,  they  do 
not  work  in  other  places.  The  method  that  he  has  described 
would,  I  think,  be  a  panacea  for  this  almost  universal  complaint 


if  it  could  be  applied  as  it  is  in  the  case  described  by  him. 
These  stacks  shown  in  the  half-lone  are  taken  from  the  Chicago 
Edison  Company's  plant,  and  we  have  during  the  past  winter 
burned  coal  at  the  rate  of  three-quarters  of  a  ton  a  minule 
without  producing  the  slightest  cloud  of  smoke.  There  is  no 
special  care  taken  in  firing  to  prevent  smoke,  but  from  the  con- 
struction of  the  furnace  it  will  take  all  the  coal  you  can  give  it 
and  burn  it  completely  and  no  smoke  whatever  has  been  pro- 
duced by  any  method  that  any  fireman  has  yet  tried.  The  other 
stack  described — the  stack  from  which  smoke  is  coming — is 
from  a  furnace  with  a  different  construction  ;  and  I  think  it  is 
the  result  that  will  inevitably  be  produced  when  coal  is  burned 
in  a  furnace  where  the  flames  come  in  contact  with  the  cold 
boiler  surface  before  the  combustion  is  complete. 

These  two  points,  1  think,  are  the  principal  points  of  the 
paper ;  at  least  they  are  the  points  that  impressed  me  most,  and 
they  are  well  worthy  of  consideration  by  those  whose  coal  bills 
are  unsatisfactorily  large— and  I  do  not  know  of  any  company 
whose  coal  bills  are  not  so — and  also  those  who  are  troubled 
with  smoky  chimneys. 

Mk.  LiEf  :  I  would  ask  the  author  of  the  paper  whether  the 
curves  on  pages  196  and  njj,  giving  the  efficiency  of  the  furnace 
and  the  evaporation   per    square    foot   of   heating  surface,  are 


plotted  from  a  number  of  observations 

evaporation  ? 

to  follow  ihi 

made,   not   with  soft    coal,    but    with 

diEFerent  rales  of  combustion  and  diflei 

the  curves  did  not  actually  follow  the 

in  the  diagrams  on  pages  196  and  197. 

to  combustion   in    furnaces    for   soft  coal   alone, 

elusions,  perhaps,  arc  not  in  every  case  applicable 


different  rates  of 

act.  I  was  unable 

cim    certain   tests 

te,  and  made  at 

!S  of  evaporatioQ, 

indicated 

In  fact,  the  paper  refers 

nd    the  con- 

)  combustion 


light 


with  hard  coal.  At  the  present 
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Some  years  ago,  in  considering  rates  of  evaporation  and 
furnace  efficiencies  for  hard-coal  conditions  only,  a  calculation 
was  made  to  determine  to  what  extent  it  was  economical  to 
force  boilers  using  the  steam  sizes  of  hard  coal.  Under  the  con- 
ditions prevailing  in  New  Vorlc  city  at  that  time — some  three  or 
four  years  ago— a  considerable  percentage  of  ihe  total  capacity 
of  the  plant  was  required  but  a  small  number  of  hours  per 
year;  approximately  25  per  cent  of  the  total  capacity  of  the 
plant  was  required  for  operating  less  than  loo  hours  in  the 
year.  In  that  case,  it  was  commercially  economical,  in  order 
to  obtain  the  extra  capacity  during  these  short  periods,  to 
sacrifice  considerably  in  economy.  It  was  found  economical  to 
force  the  boilers  on  these  peak  conditions,  lasting  such  a  small 
number  of  hours  per  year,  increasing  the  evaporation  to  from 
80  per  cent  to  100  per  cent  above  that  required  to  oblain  the 
boiler  rating,  requiring  rates  of  combustion  of  30,  35  and  40 
pounds  of  coal  per  square  foot  of  grate  per  hour  by  putting 
forced  draft  under  Ihe  grates  of  one  and  a  half  to  two  inches  of 
air  pressure.  Under  these  conditions  there  was  no  unusual  or 
excessive  depreciation  in  the  boilers  or  furnaces,  or  in  the  lubes, 
and  it  was  felt  that  the  commercial  efficiency  of  the  boiler  under 
these  conditions  was  such  as  to  make  it  economical  to  do  a  con- 
siderable amount  of  forcing.  I  would  ask  Mr.  Bement,  in 
conclusion,  if  the  curves  referred  to  are  plotted  from  actual 
observation  ? 

Mr.  Bement:  The  two  curves  or  lines  in  Figure  13  are 
based  on  the  two  points  shown,  which  are  from  the  tests  of 
boilers  numbers  two  and  three.  These  curves  refer  to  decreas- 
ing cooling  effect  of  the  boilers,  caused  by  the  increased 
capacity,  and  attention  should  be  directed  to  the  fact  that  they 
refer  to  boiler  efficiency  only,  and  not  to  efficiency  of  combined 
boiler  and  furnace.     The  curve  mentioned  by  Mr.  Lieb  as  hav- 
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loss  if  the  capacity  be  carried  far  enough,  but  a  boilei 
never  be  driven  so  hard  that  its  efficiency  would  become  zero. 
How  much  they  fail  to  conform,  actually,  lo  the  straight  line,  I 
do  not  know,  because  of  ihe  difficulty  or  impossibility  of  carry- 
ing capacity  sufficiently  high  to  show  where  the  curve  should 
begin  to  drop  to  a  noticeable  extent  from  points  based  on  the 
evaporation  of  from  three  to  seven  pounds  of  water  per  square 
fool  per  hour.  I  could  not  get  variation  enough  in  these  ranges 
to  justify  a  departure  from  the  straight  line.  These  lines,  of 
course,  drop  off  so  that  they  never  reach  the  line  of  icjo-per-cent 
loss,  and  this  drop  probably  begins  at  zero  and  proceeds  in  a 
gradually  increasing  measure  as  capacity  increases.  These 
lines  are  sufficiently  correct  for  the  purpose  for  which  they  were 
made,  which  is  to  compare  with  those  of  Figure  14,  and  in  this 
way  show  the  magnitude  of  the  boiler  loss  as  compared  with 
the  furnace  losses.  It  is  to  be  understood  that  these  two 
diagrams  are  designed  to  be  pictures  showing  the  principal 
individual  losses  in  their  relation  to  each  other. 

The  most  economical  capacity  for  a  boiler  will  be  secured 
when  the  combustion  is  complete  and  the  air  supply  utilized  to 
the  greatest  possible  extent.  This  is  shown  by  Figures  13  and 
14  ;  the  loss  shown  in  Figure  ij  may  be  well  afforded  if  it  results 
in  the  reduction  of  such  a  serious  loss  as  that  of  excess  of  air 
shown  in  Figure  [4.  Owing  to  bituminous  coal  burning  very 
fast,  it  requires  a  large  supply  to  avoid  large  excess  of  air. 
This  results  in  a  large  (ire  and  capacity  for  the  condition  of 
greatest  efficiency.  Boiler  makers  have  often  been  able  toget 
large  capacity  with  bituminous  coal,  but  when  installing  the 
same  apparatus  for  anthracite  with  the  hope  of  securing  like 
capacity,  have  not  been  able  to  make  it  go. 

Mk.  C.  G.  Y,  King  (Chicago)  :  As  an  adjunct  to  boiler  and 
furnace  efficiencies  and  as  a  means  for  eating  the  waste  heat  in 
its  passage  through  the  stack,  it  is  common  in  some  places  to 
install  an  economizer.  If  there  is  any  gentleman  present  who 
can  give  an  idea  of  the  value  of  an  economizer,  as  regards  its 
investment  and  the  products  derived  from  it,  I  should  like  to 
hear  iL  1  have  discussed  the  question  with  many  people  and 
can    never    get    a    satisfactory    solution    of   it.       On    page  177, 
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Mr.  Benaent  says  that  the  application  of  the  tiles  referred  to 
was  devised  by  Mr.  W,  L.  Abbott.  Some  years  ago  I  got  an 
idea  into  my  head  that  these  tiles  would  be  useful,  but  before 
proceeding  to  carry  it  out  I  had  a  search  made  in  the  Patent 
Office  and  found  that  a  firm  in  Chicago  had  made  application 
for  a  patent  some  18  months  previously.  Their  drawings 
coincided  quite  closely  with  a  patent  issued  in  Great  Britain  12 
years  before. 

Mk.  Alex  Dow  (Detroit)  :  I  think  it  is  in  order,  in  this 
connection,  to  accentuate  the  fact  that  Mr.  Lieb  found  in  New 
York  that  a  furnace  can  not    be  designed   nor  a  stoker  selected 
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their  chemical  properties,  as  are 
coals.  I  think  it  is  also  in  order  to  accentuate  the  fact  that 
there  are  many  different  kinds  of  bituminous  coal,  I  do  not 
think  I  say  too  much  when  I  say  that  a  furnace  to  be  designed 
with  a  view  to  the  highest  efficiency  must,  as  the  very  first  con- 
dition, have  prescribed  for  it  the  kind  of  fuel  it  is  to  burn.  You 
can  not  even  exchange  between  two  grades  of  bituminous  coal 
and  get  similarly  good  results.  The  free^burning  coals,  such  as 
were  used  in  the  economy  tests  reported  by  Mr.  Bement — Wil- 
mington coal  and  others  of  that  class — behave  differently  in  a 
furnace  from  the  West  Virginia  coking  coal.  They  require 
different  proportions  of  combustion  chamber  and  different 
handling  on  the  grates.  It  is  recognized  in  hand  firing  that  the 
coking  coals  must  be  worked  on  the  grates.  It  is  also  recognized 
that  these  free-burning  coals  must  not  be  worked  loo  much,  but 
fed  to  a  definite  thickness  and  allowed  to  flame  freely.  Coals 
with  high  carbon  can  be  burned  with  a  comparatively  small  com- 
bustion chamber,  because  the  combining  of  ihe  carbon  wilh  the 
oxygen  is  completed  promptly;  but  long-flaming  coals  require 
high-combustion  chambers.  One  of  the  advantages  that  I 
recognized  at  once  as  pertaining  to  the  tile-furnace  construction 
is  that  it  provides  a  hoi,  long  and  large  combustion  chamber 
for  the  free-burning  coal  burned  in  Chicago,  There  would  be 
an  improvement,  in  addition  10  the  other  advantages,  simply 
from  cutting  off  the  cooling  effect  of  these  tubes  by  covering 
them  wilh  the  tiles.  I  am  frequently  in  receipt  of  letters  from 
central-station  men  asking  what  is  my  experience  with  such  and 
such  a  stoker,  and  asking  me  if  I  can  recommend  it  10  them, 
I  have  for  many  years  taken  special  pains  to  say  thai  I  can 
recommend  it  if  the  fuel  that  they  use  has  ihe  qualilies  suited 
to  the  stoker.     The  Roney  stoker  has  a  mechanical  advantage  in 
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that  it  will  handle  any  class  of  coal ;  but  it  can  not  be  designed 
to  be  equally  efficient  with  the  eastern  bituminous  coal  having 
a  large  proportion  o£  fixed  carbon  and  the  western  coal  with  a 
high  proportion  of  volatile  gases  ami  with  a  tendency  to  slag. 
The  chain  grate  is  probably  [he  best  combination  that  could 
have  been  made  with  the  Wilmington  and  other  Illinois  fuel. 
It  does  not  follow  that  the  chain  grate  is  the  best  stoker  for  a 
coking  coal  ;  nor  does  it  follow,  because  of  the  Chicago  Edison 
experience,  that  the  chain  grates  should  be  adopted  all  over  the 
country.  Uur  experience  in  a  district  like  Detroit,  which  is  on 
the  border  between  the  coking-coal  supply  and  the  free-burning 
western  coal,  and  which  is  sometimes  more  cheaply  supplied 
from  one  district  and  sometimes  from  another,  is  that  the 
stokers  that  last  year  were  not  satisfactory,  and  of  which  we 
declined  to  purchase  more,  are  this  year  the  most  efieclivc, 
because  of  the  change  of  coal  supply.  I  think  that  point 
appears  strongly  between  the  lines  of  the  paper,  and  should 
be  made  clear  to  every  member. 

Mr.  Lieb  :  Do  I  understand  Mr.  Dow  to  say  that  he  has 
been  able  lo  burn  No,  s  or  No.  3  buckwheat  anthracite  with  a 
high  degree  of  success  on  the  Roney  stoker? 

Mr.  Dow  :  I  do  not  say  so.  Some  stokers  will  lie  down  if 
you  feed  them  small  buckwheat.  The  Roney  stoker  will  make 
some  kind  of  e&oti  to  burn  it.  There  is  a  possibility  of  select- 
ing a  stoker  that  will  burn  to  some  extent,  and  possibly  to  some 
degree  of  efficiency,  any  kind  ol  fuel  you  give  it,  but  that 
versatility  in  burning  fuel  is  obtained  at  a  sacrifice  of  efficiency. 

Mu.  LitB  :  I  do  not  think  you  can  get  any  commercial 
results  with  No,  3  buckw 
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3  our  city  and  we  do  not 


:  The  small  sizes  are  extremely  difficult  to  burn 
on  a  Roney  stoicer.  I  should  like  to  hear  the  experience  of  any 
member  who  is  able  to  burn  No.  i  or  No.  3  buckwheat  on  a 
Roney  stoker  with  any  degree  of  success. 

Mr.  Bement  :  With  reference  to  the  application  of  the  tiles 
to  the  furnace  in  question,  the  paper  intended  to  say  that 
Mr.  Abbott  devised  the  application  in  the  particular  case 
referred  to.  I  have  been  told  of  similar  tiles  being  used  15 
years  ago. 

The  President:  We  will  now  take  up  the  paper  by  Mr. 
John  S.  Peck,  of  Pittsburg,  on  "Standard  Transformer  Volt- 
ages." 


Mr.  Peck  read  the  paper,  as  follows : 

STANDARD  TRANSFORMER  VOLTAGES 


That  the  advantages  resulting  from  the  use  of 
standard  apparatus  are  appreciated  by  both  manu- 
facturer and  user,  is  shown  by  the  continual  efforts  of  ^ 
the  manufacturer  to  standardize  his  apparatus,  and  by 
a  decreasing  tendency  on  the  part  of  the  customer  to 
call  for  special  apparatus.  The  manufacturer  of 
electrical  apparatus  has  been  handicapped  in  his  efforts 
toward  standardization  by  the  rapid  development  of 
the  electrical  industry,  which  has  demanded  modifica- 
tions in  old  lines  of  apparatus  to  meet  changing  con- 
ditions, and  the  design  and  manufacture  of  new  lines 
to  meet  new  conditions. 

With  the  older  lines  of  apparatus,  such  as  low- 
voltage  generators  and  motors,  and  transformers  for 
supplying  motors  and  light,  certain  sizes  and  voltages 
have  become  generally  recognized  as  standards,  but  in 
the  case  of  transformers  for  high-voltage,  long-distance 
transmission,  the  voltage  requirements  are  still  in  a 
more  or  less  chaotic  condition,  and  even  for  low-volt- 
age transformers  there  are  many  customers  who 
demand  voltages  just  far  enough  from  those  usually 
required  to  necessitate  new  designs,  new  windings, 
and  so  forth. 

In  the  early  days  of  long-distance  transmission, 
certain  transformer  capacities  were  selected  as  standard; 
but  it  was  thought  impossible  to  fix  upon  standard 
voltages    for    this    service,    as    different    voltages    were 
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required  for  raising  and  lowering  transformers  in 
order  to  compensate  for  line  drop,  and  as  no  two 
lines  had  exactly  the  same  length,  and  therefore  the 
same  drop,  the  same  voltage  was  never  required  for 
two  different  plants.  No  standards  had  been  proposed 
by  the  manufacturer,  so  every  customer  or  consulting 
engineer  was  at  liberty  to  specify  voltages  to  suit  his 
own  conditions  without  regard  to  those  elsewhere  in 
use.  For  this  reason  large  numbers  of  transformers 
were  built  which,  though  of  the  same  size  and  same 
nominal  voltage,  were  just  far  enough  apart  in  voltage 
to  be  non-interchangeable. 

In  looking  over  a  large  number  of  transformer 
specifications,  with  a  view  to  standardization,  it  was 
found  that  an  allowance  of  more  than  lo  per  cent 
for  line  drop  was  seldom  necessary ;  also  that  there 
was  a  tendency  among  operators  to  specify  certain 
nominal  voltages;  for  example,  10,000,  15,000,  20.000, 
and  so  on.  It  was  therefore  believed  that  if  certain 
nominal  voltages  were  wisely  selected,  and  provision 
made  in  the  transformer  for  varying  them  over  a 
range  of  approximately  10  per  cent,  standard  voltages 
could  be  adopted  that  would  fit  practically  all  the 
conditions  of  service.  The  Westinghouse  Company 
therefore  decided  upon  the  following  plan  :  For  stand- 
ards, those  voltages  recommended  by  the  American 
Institute  of  Electrical  Engineers  were  chosen,  with 
such  additions  as  were  frequently  demanded  in  com- 
mercial work.  For  varying  these  voltages  over  the 
desired  range,  the  plan  of  bringing  out  taps  from  the 
winding  was  adopted.  In  the  table,  page  207,  are 
tfiven  the  voltages  that  have  been  adopted  as  stand- 
^,  as  well  as  the  variations  that  may  be  obtained. 
It  will  be  noted  that  in  all  cases  a  value  of  five  per 
Qdit  below  normal,  and  two  values,  one  five  per  cent 
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and  one  lo  per  cent  above  normal,  may  be  obtained. 
There  is  thus  obtainable  from  any  transformer  a  total 
range  of  15  per  cent,  which  is  found  ample  for 
almost  every  condition  of  service. 

In  Figure  i  is  shown  diagrammatically  a  (10,000- 
volt)  transformer  winding  with  two  taps  brought  out. 
The  connections  for  the  different  voltages  are  clearly 
shown.  This  is  the  standard  arrangement  for  all  high- 
voltage  transformers. 
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--> 


Fig.  I — High-Tension  Winding  io,ooo-Volt  Transkormkr.      This  is  thk 
Standard  Arrangement  for  All  High-Voltage  Windings 


STANDARD   HIGH-TENSION   TRANSFORMER    VOLTAGES 


Ten  Per  Cent  Above 

Five  Per  Cent  Above 

Five  Per  Cent  Below 

Normal 

Normal 

Normal 

2,200 

2,100 

2,000 

1,900 

3.300 

3,X50 

3,000 

2,850 

5.500 

5.250 

5,o..>o 

4,750 

6,600 

6,300 

6,000 

1               5.700 

11,000 

10,500 

10,000 

i               9.500 

16,500 

15.750 

15,000 

1             14,250 

22,000 

21,000 

20,000 

,             19.000 

33,000 

3', 500 

30,000 

28.500 

44,000 

42,OJO 

1             40,000 

1             38,000 

55.000 

52,500 

50,000 

1             47.500 

66,000 

63,000 

60,000 

i             57,000 

It    is    frequently    necessary    to    design    the    high- 
tension    winding    of    transformers    for    series-multiple 
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connections,  the  multiple  connection  giving  one-half 
the  voltage  of  the  series  connection.  In  such  cases 
it  is  obviously  more  difficult  to  obtain  the  same  range 
of  voltage  for  each  connection  that  is  obtainable  when 
a  series  connection  alone  is  required.  Where  this 
series-multiple  connection  is  demanded,  the  plan  has 
been  adopted  of  bringing  out  a  tap  from  each  half  of 
the  winding,  so  that  five  per  cent  of  the  total  wind- 
ing is  included  between  each  tap  and  the  outside 
terminal.  With  this  arrangement  the  multiple  con- 
nection gives  a  voltage  lo  per  cent  in  excess  of  the 
normal ;  and  the  series  connection,  two  voltages,  one 
five  per  cent  and  the  other  lo  per  cent  in  excess  of 
the  normal.  The  method  of  arranging  the  winding 
for  these  voltages  is  shown  in  Figure  2. 

Where  the  three-phase,  two-phase  connection  is  to 
be  provided,  each  additional  voltage  means  a  large 
increase  in  the  number  of  taps  brought  out,  and 
therefore  complication  of  terminal  block.  Where  this 
connection  is  required,  the  transformer  is  provided 
with  taps  for  increasing  the  normal  voltage  by  only 
10  per  cent. 

It  is  obvious  that  there  may  be  other  special 
requirements  where  the  standard  arrangements  as  out- 
lined above  can  not  be  employed,  but  in  the  great 
majority  of  cases  it  is  found  that  the  arrangements 
proposed  are  eminently  satisfactory. 

STANDARD    LOW-TKNSION    VOLTAGES 

The  low-tension  voltage  of  a  transformer  is  de- 
termined by  the  character  of  the  load  that  it  is  to 
supply,  or  in  the  case  of  a  step-up  transformer,  by 
the  voltage  of  the  generator  from  which  it  is  supplied. 
It  is  obvious  that  to  meet  all  conditions  of  service,  a 
large    number  of    voltages    will    be    required.       Low- 


tension  voltages  may,  however,  be  divided  into  a  few 
fairly  well-de(ined  classes,  thus :  loo,  200  and  400 
volts  for  supplying  lights  and  motors,  i,cxx>  and 
2,000  volts  for  general  distribution,  and  such  voltages 
as  are  demanded  for  different  classes  of  rotary  con- 
verter work. 

To  standardize  low-tension  voltages,  the  same  plan 
was  adopted  as  for   the   high-tension  ;    that    is,  certain 
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nominal  values  were  selected,  and  taps  brought  out 
for  a  suitable  variation;  for  example,  for  a  nominal 
voltage  of  2,000.  two  taps  are  brought  out  so  that  the 
following  voltages  may  be  obtained :  2,200,  2,100, 
2,000,  1,900.  In  many  cases,  however,  low-tension 
windings  must  be  arranged  for  series-multiple  connec- 
tion, so  that  two  secondary  voltages  may  be  obtained ; 
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for  example,  200  and  4CX)  volts.  For  this  condition 
the  same  arrangement  as  was  described  for  the  high- 
tension  is  adopted  ;  that  is,  a  lo-per-cent  tap  is  brought 
out  from  each  half  of  the  winding,  as  shown  in 
Figure  2.  For  the  200400  volt  combination,  the  fol- 
lowing values  may  be  obtained :  200,  220,  400,  420, 
440. 

For  rotary  converters,  the  voltage  required  varies 
with  the  number  of  phases  of  the  rotary  and  with 
the  direct-current  voltage  that  it  supplies.  With  the 
transformers  for  this  service,  an  alternating-current 
voltage  is  selected  that  will  give  the  required  direct- 
current  voltage.  This  is  considered  the  normal,  and 
taps  are  brought  out  to  give  values  approximately  five 
per  cent  higher  and  five  per  cent  and  10  per  cent 
lower  than  normal.  The  following  table  shows  the 
values  adopted  as  standard  for  low-tension  transformer 
voltages : 


STANDARD   LOW-TENSIGN   TRANSFORMER  VOLTAGES 


Service 


General  distribution 


Normal  Voltage 


Motors  and  Lights. 


1 1 


6.000 

3,000 

2.000 

1,000  and  2,000 
200  *•  400 
100     **        200 


Other. VoltMret  Obtainable 


5,700 
2,850 

1, 100 
220 
no 


6,300 

3.150 

2.100 

2,100 

430 

210 


6,600 
3.300 
2,200 
2,200 
440 

220 


Rotary  Two- Phase 

500  Volts  D.  C. 

550  " 
600  ** 
650      " 


i  t 


Rotary  Three-Phase 

500  Volts  D.  C 

550      '•         •*.... 

600      '•         "     

650      " 


1 1 


365 
400 

435 
470 


315 

345 

375 
410 


One  higher  and  two  lower  values  in 
steps  of  approximately  five  per  cent. 


211 


With  large  transformers,  the  volts  per  turn  often 
reach  a  comparatively  high  value,  and  as  taps  can 
not  be  brought  out  at  less  than  one-turn  intervals,  it 
is  often  impossible  on  low  voltages  to  obtain  steps  of 
just  the  right  percentage.  In  such  cases  the  trans- 
formers are  designed  to  give  the  correct  normal  volt- 
age, and  the  taps  are  spaced  to  give  values  as  near 
as  possible  to  those  desired. 

It  was  stated  that  certain  voltages  had  long  been 
recognized  as  standard  for  small  transformers  used 
for  supplying  motors  and  lights.  These  voltages  are 
nominally  i,ooo  and  2,000  on  the  high-tension  side, 
and  50,  100,  200  and  400  on  the  low-tension  side. 
There  are,  however,  a  large  number  of  plants  having 
transformers  of  special  ratios,  one  of  the  most  com- 
mon being  such  as  gives  secondary  voltages  10  per 
cent  higher  than  the  usual  values.  On  many  long 
feeders  the  drop  is  so  great  as  to  make  it  impos- 
sible to  obtain  full  lamp  voltage  at  the  end  of  such 
feeders,  and  here  it  is  also  desirable  to  have  some 
means  of  obtaining  higher  secondary  voltages. 

For  such  work,  it  has  heretofore  been  necessary 
10  purchase  transformers  specially  wound  for  the  volt- 
ages required,  but  the  Westinghouse  Company  has 
recently  adopted  for  its  small  transformers,  known  as 
Type  N  and  Type  O  D,  a  method  by  which  not 
only  the  standard  but  also  special  voltages  may  be 
obtained,  thus  greatly  increasing  the  flexibility  of  the 
apparatus. 

The  high-tension  winding  of  these  transformers  is 
wound  in  two  parts,  each  for  a  nominal  voltage  of 
1,000,  thus  giving  2,000  volts  when  the  two  parts 
are  in  series  and  1,000  when  in  multiple.  From  each 
part  a  lo-per-cent  tap  is  brought  out,  as  shown  in 
Figure  3. 
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With  the  two  parts  connected  in  parallel  for  i,ooo 
volts,  the  whole  of  the  winding  may  be  used,  giving, 
say,  a  lo  to  i  ratio;  or  by  connecting  to  the  taps,  a 
9  to  I  ratio ;  the  latter  connection  boosting  the 
secondary  voltage  lo  per  cent. 

With  the  two  parts  in  series,  the  whole  winding 
may  be  used,  giving,  say,  a  lo  to  i  ratio;  or  by  con- 
necting to   the  taps  five  per  cent  or  lo  per  cent  may 
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Fk;.  3— Primary  WiNDtNG  of  Type  N.  and  O.  D.  Transformers 


be  cut  out,  thus  giving  ratios  of  9.5  and  9  to  i,  respect- 
ively ;  the  former  connection  boosting  the  secondary 
voltage  five  per  cent  and  the  latter   10  per  cent. 

It  is  also  of  interest  to  note  that  these  transform- 
ers are  wound  to  give  full  output  at  three  different 
secondary  voltages:  ** Class  200"  is  ai ranged  for  50, 
100  and  200  volts,  and  **  Class  400/'  for  100,  200  and 
400  volts.  These  three  secondary  voltages,  taken  in 
connection  with  the  taps  on  the  primary,  make  an 
extremely  flexible   transformer,  and  one  that  will  give 
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satisfactory    service    over  a  wide    range   of    operating 
conditions. 

The  following  table  shows  the  nominal  voltage 
rating  of  these  transformers ;  also  the  ratio  for  the 
different  connections : 


Primary 

Secondary 

"Class  200"                       ' 

1 

"  Class  ^oo  " 

Voltaffe 

Voltage 

Ratio 

1 

Voltage 

Ratio 

1,000 
2,000 

50-100-200 
55-110-220 

50-100-200 

52.5-105-210 

55-110-220 

20,  10,  5  to  I        ' 
18,9,4.5101      1 

40,  20,  10  to  I      1 
38,  19,  9.5  10  I 
36,  18,  9  to  I 

100-200-400 
110-220-440 

100-200-400 
105-210-420 
110-220-440 

10,  5,  2.5  to  I 
9,  4.5,  2.25  to  I 

20,  10,  5  to  I 

19,  9-5,  4.75  10  I 
18,  9,  4.5  to  I 

The  adoption  of  standard  transformer  voltages  by 
one  manufacturing  company  has  been  found  thus  far 
to  give  excellent  results,  and  it  is  to  be  hoped  that 
all  the  manufacturing  companies  may  be  able  to  unite 
upon  certain  standard  values. 

The  use  of  standard  transformer  voltages  means  to 
the  manufacturer  a  reduced  number  of  specifications, 
drawings  and  patterns,  fewer  chances  of  error,  and  the 
possibility  of  manufacturing  in  large  quantities  ;  all  of 
which  tend  toward  a  lower  cost  and  quicker  delivery. 
The  use  of  standard-voltage  transformers  means  that 
the  user  shares  in  the  advantages  gained  by  the 
manufacturer,  and  the  possession  of  transformers  that 
may  be  used  interchangeably  on  different  parts  of 
his  circuits  is  an  advantage  easily  appreciated.  It 
means  to  him  the  necessity  of  carrying  in  stock 
fewer  spare  parts  and  the  possibility  of  obtaining  such 
parts  much  more  quickly  than  when  special  ones  are 
required.     It  means  the  ability  to  shift  apparatus  from 
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one  part  of  his  system  to  another,  and,  in  general,  a 
great  increase  in  the  flexibility  of  a  vital  part  of  his 
equipment. 

DISCUSSION 

The  President  :  Gentlemen,  the  paper  is  open  for  dis- 
cussion. 

Mr.  H.  S.  Moody  (Schenectady,  N.  Y.):  Mr.  Peck's  paper 
deals  with  a  subject  that  is  extremely  attractive  to  the  trans- 
former manufacturer.  It  is  doubtful  if  many  here  appreciate 
the  possibilities  of  improvement  in  this  direction  ;  for  instance, 
the  General  Electric  Company  has  in  the  past  lo  years  manu- 
factured some  18,000  different  transformers,  which  means  five 
or  six  new  designs  per  day.  Is  it  strange,  therefore,  that 
any  attempt  to  reduce  the  demand  for  new  ratios  should  be 
welcomed  ? 

The  greatest  obstacle  to  accomplishing  any  substantial 
results  is  the  record  that  is  behind  us.  Hundreds  of  plants — 
many  of  them  extensive — are  using  transformers  having  ratios 
that  should  not  be  duplicated,  but  it  can  hardly  be  expected  thai 
they  should  be  thrown  away  to  accommodate  the  manufacturer. 
Frequently,  consolidation  of  plants  into  large  systems  covering 
hundreds  of  square  miles  brings  into  one  system  transmissions 
using  altogether  different  ratios,  and  new  and  undesirable 
ratios  are  needed  to  interconnect  such  systems.  Again,  all 
purchasers  and  consulting  engineers  do  not  as  yet  fully  appre- 
ciate the  advantages  of  standard  ratios,  which  advantages  they 
share  almost  equally  with  the  manufacturers.  Notwithstanding 
these  discouraging  aspects  of  the  situation,  there  is  much 
reason  to  expect  improvement.  New  plants  are  constantly 
being  started  which  are  not  tied  to  past  practice,  and  the 
reconstruction  of  the  older  plants  will  gradually  result  in 
changes  in  the  desired  direction,  provided  the  manufacturer 
constantly  keeps  before  the  purchaser  the  desirability  of  such 
changes.  Perhaps  one  of  the  most  useful  agencies  in  bringing 
about  the  desired  result  will  be  the  American  Institute  of 
Electrical  Engineers.  There  is  comparatively  little  to  be 
gained  by  one  manufacturer's  adopting  standards  that  differ 
from  those  used 'by  all  others,  and  there  is  little  likelihood  of 
different  companies  coming  to  an  agreement  as  to  desirable 
ratios  by  direct  consultation.  The  Institute  can  well  be  used^ 
however,  as  an  unbiased  medium  for  adjustment ;  the  begin- 
ning already  made  is  a  hopeful  indication. 


I  will  call  your  attention  to  a  few  points  to  which  Mr. 
Peck  has  not  referred,  or  on  which  1  think  there  will  be  some 
chance  for  difference  of  opinion.  First,  as  to  the  range  to  be 
covered  by  standard  taps  in  large  units.  Our  experience  shows 
that  to  per  cent  is  usually  sufficient  ;  even  this  range  means 
appreciably  greater  cost.  With  the  15  per  cent  suggested,  five 
per  cent  being  below  and  10  per  cent  above  normal,  there  must 
evidently  be  10  per  cent  more  turns  and  five  per  cent  more 
cross  section  in  the  transformer  winding  than  if  there  were  no 
such  adjustment.  Desirable  as  it  is  to  minimize  designs,  we 
must  noi  lose  sight  of  the  fact  thai  special  windings  can  be 
furnished  in  transformers  much  more  readily  than  in  other 
apparatus  and  that  the  possible  saving  in  the  reduced  number 
of  designs  is  not  great.  Additional  cost  from  adjustable  ratios 
can  easily  counterbalance  this  saving.  Our  experience  on  the 
other  hand  is  that  (ive-per-cent  steps  are  in  most  cases  too 
rough  an  adjustment,  but  lo-per-cent  range  with  iwo-and-a- 
half-per-cent  steps  has  proved  quite  satisfactory,  except  where 
the  ratio  must  be  adjusted  at  different  loads  (as  when  supply- 
ing lighting  rotaries),  in  which  case  much  smaller  steps  and 
larger  range  are  usually  necessary. 

Turning,  now,  to  the  smaller  transformers  for  lighting, 
there  seems  to  be  less  reason  for  adjustable  ratios  ;  such  trans- 
formers, to  give  satisfactory  regulation  at  the  lamp,  must  be 
operated  from  centres  of  distribution  with  a  negligible  or  equal 
drop  between  the  centre  and  each  transformer.  It  would  appear 
that  the  feeder  regulator,  rather  than  the  transformer,  is  the 
place  to  adjust  for  the  variable  drop  in  different  feeders.  The 
General  Electric  Company  has  for  some  time  made  a  consider- 
able portion  of  its  smaller  transformers  with  a  (  to  9  or  a  1  to  18 
ratio.  This  was  not  an  attempt  to  allow  for  drop,  but  to  give 
no  volts  or  more  for  motors  in  plants  having  generators  that 
would  not  admit  of  obtaining  this  voltage  under  full  load.  As 
2200  to  i400-volt  generators  become  more  common,  the  1  to  10 
or  1  to  JO  ratio  will  answer  every  purpose.  I  believe  that  a 
permanent  adjustment  of  ratio  by  laps,  except  in  the  large 
units,  operating  on  a  line  that  always  carries  a  considerable 
portion  of  its  load,  is  to  be  avoided  in  that  the  adjustment  can 
be  right  for  only  one  condition  of  load  and  is.  therefore,  not  a 
real  remedy  for  variable  drop.  If  such  a  tap  is  used  to  obtain 
a  higher  secondary  voltage  than  normal,  instead  of  to  allow  for 
drop,  it  is  still  objectionable,  because  when  in  use  the  core  loss 


is  approxitnateiy  20  per  cent  higher  and  copper  loss  10  per 
cent  less  than  that  for  which  the  transformer  was  designed. 
In  these  days,  when  so  much  effort  is  made  to  obtain  a  trans- 
former of  the  highest  possible  "all-day"  efficiency,  it  does  not 
seem  desirable  to  distort  a  good  design  so  greatly  as  to  increase 
the  all-day  losses  zo  per  cent. 

Interchangeable  voltages  obtained  by  means  of  series 
multiple  coupling  of  either  primary  or  secondary  sections  are 
unquestionably  desirable  for  the  manufacturer  and  often  for  [he 
purchaser  as  well.  The  extent  lo  which  it  is  best  to  carry  such 
combinations  only  reaches  its  limit  when  the  extra  cost  of  so 
doing  exceeds  the  saving  following  the  reduction  in  the  number 
of  designs. 

It  is  to  be  hoped  that  all  purchasers  and  manufacturers  of 
transformers  will  be  in  full  sympathy  with  this  attempt  at 
standardization  {already  su  well  under  way),  and  that  in  a  few 
years  we  may  see  at  least  80  per  cent  of  all  transformers  pur- 
chased conforming  to  some  generally  acknowledged  standard  of 
capacity  and  voltage.  The  designing  engineer  can  then  devote 
most  of  his  time  lo  perfecting  standards  rather  than  hastily 
designing  for  special  requirements. 

THt  President  :  We  have  heard  from  two  manufacturers. 
We  should  like  to  hear  from  the  central-station  companies  what 
they  have  to  say  about  the  standard  ratio. 

Mr.  p.  U,  Wagoner  (SchenecU^ly,  N.  Y.)  :  I  wish  to  em- 
phasize the  following  facts  in  regard  to  the  use  of  a  transformer 
having  both  18  to  i  and  70  to  1  ratio,  the  18  to  1  ratio 
being  obtained  by  taps  in  the  primary.  Such  a  transformer 
might  be  used  for  two  purposes  :  First,  to  operate  a  complete  18 
to  I  system,  and  second,  to  use  the  transformer  connected 
for  18  to  1  ratio  occasionally  to  compensate  for  line  losses. 
Considering  the  first  method  of  procedure,  as  the  transformer 
would  have  approximately  18  t"  lo  per  cent  higher  core  loss 
than  normal  when  connected  for  iS  10  1  ratio,  it  would  be  far 
more  desirable  to  use  a  transformer  designed  for  normal  losses 
at  this  ratio.  In  regard  to  the  second  method  of  procedure, 
namely,  the  use  of  the  18  to  1  ratio  to  compensate  for  line  loss, 
on  careful  consideration  there  are  disadvantages  in  this  method 
of  procedure  which  do  not  appear  at  first  sight.  Large  line 
losses,  requiring  the  use  of  the  iS  to  1  ratio,  would  occur 
during  the  period  of  the  day  when  the  system  is  running  under 
approximately  (ull-load   conditions,  which  period  would  ordi- 


narily  be  of  three  or  four  hours'  duration.  During  ihis  period, 
the  voltage  impressed  on  the  primary  would  be  below  normal, 
and  we  could  assume  that  it  would  be  sufficiently  below  normal 
to  give  normal  core  losses  and  normal  secondary  voltage  for  the 
lamps  While  the  desired  condition  would  be  obtained  tor 
three  or  four  hours  of  the  day,  during  the  remaining  lo  to  21 
hours  practically  normal  voltage  would  be  impressed  on  ihe 
tiansformer,  and  for  this  period  the  core  loss  would  be  18  to 
»o  per  cent  above  normal,  and  a  secondary  voltage  considerably 
higher  than  normal  would  be  obtained  ;  therefore,  any  lamps 
that  might  be  turned  on  during  this  long  periud  would  be  sub- 
jected to  abnormally  high  voltage. 

All  of  the  above  remarks  apply  to  the  smaller  sizes  of 
transformers  used  for  commercial  lighting,  and  do  not  apply 
to  transformers  used  for  transmission  purposes,  rotaries,  and 
so  forth. 

Mr.  C.  C.  Gartland  (Sioux  City,  la.)  :  It  seems  to  me, 
upon  the  theory  of  the  remarks  of  the  gentleman  who  last 
spoke,  that  at  the  end  of  the  line  in  taking  advantage  of  the 
booster  after  the  consumption  of  the  line  is  lowered,  the  higher 
voltage  would  be  a  detriment  to  the  line.  It  appears  to  be  a 
question  as  to  whether  or  not  it  would  be  practicable  to  adopt 
the  tap.  For  instance,  in  taking  care  of  line  loss,  take  as  an 
example  a  lead  five  miles  long  on  which  there  are  several  large 
consumers  and  some  smaller  ones,  and  suppose  some  of  tlie 
large  consumers,  near  to  centre  of  distribution,  are  in  the  habit 
of  reducing  their  consumption  of  current  early  in  the  evening, 
while  those  in  the  suburbs  use  their  lights  considerably  longer. 
Therefore,  in  tapping  transformers,  as  the  gentleman  stated,  we 
could  take  care  of  iive-per-ceni  drop  in  secondary  wires  ai  a 
normal  load  ;  but  when  some  of  the  heavy  consumers  near  the 
central  station  turn  off  their  lights,  the  consumers  at  the  end  of 
the  line  with  lamps  still  in  service  will  have  extremely  high 
voltage.  Therefore,  it  seems  to  me  that  the  loss  in  life  of 
lamps  and  the  unsatisfactory  service  would  not  be  compensated 
for  by  the  supposed  benefit  derived  from  a  five  to  lo-per-cent  tap 
from  transformers.  It  is  not  customary  nowadays  for  central 
stations  to  use  much  smaller  than  number  six  copper  wire  for 
carrying  secondary  current  to  buildings.  It  therefore  develops, 
owing  to  the  safety  of  wire  of  this  size  against  sleet  storms, 
etc.,  that  there  is  very  little  loss  to  be  taken  care  of  in  secondary 
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Mr,  Wagoner:  The   subm 
age  of  any  incandescent  lamps  [hat 
the  light-load  period  o£  the  day  i 
lamps  very  materially. 

Mr.  Lice  :  Mr,  Wagoner's  remarks  and  those  of  the  gentle- 
man who  followed  him  have  no  reference  to  the  desirability  of 
having  three,  four,  or  more,  taps  on  transformers  that  are  used 
to  step  down  to  a  secondary  voltage  for  operating  rotary  con- 
verters. In  such  cases  it  is  extremely  desirable,  where  the  high- 
tension  feeders  are  of  different  lengths — as  they  must  be  lo 
cover  a  large  distributing  territory — to  have  at  least  four  or 
more  such  taps. 

Mr.  C.  F.  Hewitt  (Elkhart,  Ind.)  :  1  agree  in  a  measure 
with  Mr.  Lieb's  statement.  We  have  found  this  second-tap 
feature  useful  in  long  lines  feeding  a  combined  motor  and 
lighting  load  by  assisting  in  keeping  the  voltage  up  at  the 
ixtreme    end,    which    is    the    point    where    motors    are    most 
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are  not  in  use,  the  voltage  on  the  secondaries  will  of  course  be 
higher  than  at  normal  load,  but  not  enough  so  to  injure  the 
transformer  secondary  windings. 

Mk.  W.  G.  Carlton  (Chicago)  :  The  Chicago  Edison  Com- 
pany has  goQO-volt  feeders,  varying  in  length  from  one  to  five 
miles,  and  I  do  not  see  how  we  couid  operate  without  the 
different  taps  on  the  transformers  so  long  as  we  operate  on  a 
common  "bus,  as  we  do.  In  the  air-cooled  transformers  we 
have  had  a  little  trouble,  due  probably  to  the  method  in  which 
the  taps  were  taken  out,  which  makes  an  a'iditional  source  of 
trouble:  but  there  is  little  trouble  of  that  kind.  We  lost  two 
transformers,  probably  from  that  cause.  We  find  it  necessary 
to  have  these  taps  in  order  to  get  the  regulation  needed  t  other- 
wise it  would  be  necessary  for  us  to  have  excessive  regulator 
capacity  on  the  rotarics. 


Mk.  H.  J.  GiLLE  (Si.  Paul,  Minn.)  :  I  ihink  ilie  lap  on  ihe 
iransfarmcrs  tor  the  disiribution  system  is  desirable,  but  1 
think  i[  would  also  be  desirable  for  the  manufacturers  to  con- 
nect all  transformers  when  they  ship  ihem.  The  taps  are  in 
such  condition  that  they  have  to  be  tested  out;  they  are  not 
marked  or  tagged.  It  would  be  dcsirabJc  to  have  the  taps 
connected  when  the  transformers  are  shipped. 

Mr.  H.  C.  Wirt  (Schenectady,  N.  Y.)  ;  I  think  the  question 
separates  itself  into  a  discussion  regarding  small  and  large 
transformers.  I  think  the  proposition  to  make  transformers 
with  interchangeable  ratio  of  ao  to  i  and  i8  to  i  for  the  con- 
venience of  manufacturers  ought  not  to  be  considered  favorably 
by  cenirai-station  managers.  What  advantage  is  there  to  the 
central-station  man  using  i8  to  i  ratio,  in  having  a  20  to  i 
transformer?  The  core  loss  will  be  increased  when  operating 
18  to  I,  and  there  will  be  a  portion  of  the  primary  winding  ihat 
is  idle.  This  is  making  the  convenience  of  the  manufacturer 
of  more  importance  than  the  economical  operation  of  the 
transformer.  It  is  much  better  to  use  a  transformer  having 
18  to  I  ratio  with  the  losses  properly  proportioned,  There  are 
two  ways  to  make  a  transformer  with  inierchangeable  ratios. 
One  is  to  bring  a  tap  from  the  primary  of  the  20  to  1  trans- 
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tions  of  operation  and  the  copper  loss  would  be  changed  only 
slightly.  The  disadvantages  of  this  plan  are  the  increased 
first  cost  and  the  idle  secondary  when  operating  lo  to  1.  I 
think  this  question  must  be  viewed  from  the  standpoint  of 
central-station  managers,  and  not  wholly  from  the  manufac- 
turer's standpoint. 

Mr.  J.  S.  Peck  :  It  , seems  to  be  the  consensus  of  opinion 
that  the  standardization  of  transformer  ratios  is  a  thing  greatly 
to  be  desired  ;  also,  that  for  high-voltage  transformers  on  long 
transmission  lines  it  is  desirable  to  have  taps  00  the  windings 
so  that  the  secondary  voltages  can  be  adjusted.  If  it  is  true 
that  for  long-distance  high-voltage  transmission  it  is  desirable 
to  have  means  for  adjusting  the  secondary  voltages  of  the  trans- 
formers, it  seems  to  me  also  ttue  that  such  means  of  adjustment 
is  desirable  for  long-distance  low-tension  (1.000  and  3,000  volts) 
transmission. 
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Regarding  the  advantages  of  the  double-ratio  transformer — 
that  is,  one  giving  both  i8  and  20  to  i  ratio — to  central-station 
manager  and  manufacturer.  It  is  to  the  advantage  of  the  manu- 
facturer to  have  a  transformer  giving  both  ratios,  for,  while  the 
cost  may  be  slightly  increased,  he  is  saved  from  carrying  in 
stock  two  lines  of  transformers — one  for  each  of  the  ratios.  To 
the  central-station  manager  there  are  several  advantages  in 
having  a  double-ratio  transformer  : 

First — On  long  feeders  he  is  able  to  compensate  for  the  drop 
in  these  feeders. 

Second — He  is  able  to  use  lamps  of  special  voltage,  which  is 
often  found  to  be  a  decided  advantage. 

Third — In  case  transformer  voltages  are  standardized,  it 
seems  possible  that  the  20  to  i  ratio  may  be  adopted  as  a 
standard.  This  will  leave  the  18  to  i  as  a  special  ratio,  so  that 
the  man  operating  with  the  18  to  i  ratio  will  require  special 
transformers ;  and  the  delay  incident  to  obtaining  special 
apparatus  is  well  known  to  the  central-station  man.  If,  however, 
double-ratio  transformers  are  purchased,  and  it  is  finally  decided 
to  adopt  the  20  to  i  ratio  as  a  universal  standard,  the  double- 
ratio  transformer  may  at  any  time  be  changed  from  an  18  to  a 
20  to  I  ratio.  The  station  will  thus  be  on  a  standard  basis  so 
far  as  ratios  are  concerned.  It  is  true  that  when  full-line  voltage 
is  applied  to  less  than  the  full  primary  winding  a  slightly  greater 
iron  loss  is  obtained,  but  the  regulation  and  copper  loss  are 
improved,  and  in  case  of  a  low  voltage  due  to  feeder  drop, 
the  iron  loss  is  not  above  normal. 

The  advantages  of  having  a  transformer  wound  for  three 
secondary  voltages — for  example,  100,  200  and  400 — are  also  of 
importance.  Many  electric  companies  have  been  formed  by 
the  consolidation  of  a  number  of  smaller  companies.  These 
smaller  companies  have  operated  with  secondary  voltages  vary- 
ing from  50  to  100  volts,  and  it  is  of  great  advantage  to  have  a 
transformer  that  may  be  used  on  any  one  of  the  three  voltages 
by  a  simple  change  in  secondary  connections.  We  have  found 
from  a  number  of  years'  experience  that  some  method  of  vary- 
ing the  voltage  ratio  of  the  transformer  is  of  great  utility,  and 
cases  are  constantly  arising  where  the  increased  flexibility  of 
the  variable-ratio  transformer  proved  of  great  advantage. 

Mr.  Moody  :  I  do  not  know  that  I  have  anything  special  to 
sav  in  addition  to  what  I  have  already  said.  It  seems  to  me 
that  the  difference  in  **  all-day  "  efficiency  under  such  change  of 
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voltage  as  to  per  cent  is  sufficient  to  warrant  using  a  transformer 
designed  exactly  for  the  conditions  of  operation.  The  use  of  the 
two  ratios  on  a  single  feeder  makes  it  impossible  to  maintain  the 
right  voltage  at  any  one  place  under  all  conditions  of  load,  and 
I  believe  there  would  be  a  temptation  to  the  lineman^-or  who- 
ever has  charge  of  laying  out  such  a  distribution — to  make 
connections  to  the  tap  rather  than  to  add  necessary  copper  to 
the  feeder  to  keep  the  drop  within  an  amount  that  is  good 
practice. 

With  reference  to  the  three  secondary  voltages,  the  addi- 
tional cost  of  having  two  rather  than  three,  is  not  great  on  a 
transformer  of  any  considerable  size,  and  it  is  really  there 
that  we  find  the  use  for  the  third  ratio,  because  few  small 
motors  are  wound  for  higher  than  220  volts.  On  the  small 
sizes,  where  the  cost  of  the  three  voltages  adds  materially  to 
the  expense,  there  is  little  or  no  call  for  voltage  higher  than 
220. 

The  President  :  I  should  have  called  on  Mr.  Peck  to 
speak  last,  to  close  the  discussion,  and  trust  he  will  overlook 
my  not  having  done  so. 

We  will  now  take  up  a  paper  that  is  on  the  programme  for 
to-morrow :  "  The  Application  of  Four-Ampere  Series  Arc 
Lamps  for  City  Lighting,"  by  Mr.  J.  Henry  Hallberg,  of 
New  York. 


Mr.  Hallberg  read  the  following  paper  : 

THE  APPLICATION  OF  FOUR-AMPERE  SERIES 
ALTERNATING  INCLOSED-ARC  LAMPS  TO 
CITY  LIGHTING 


It  is  interesting  tu  note  that  about  t\venty  years 
ago,  when  Ihe  electric  arc  was  first  applied  to  street 
lighting,  the  open-arc  lamps  of  high  candle-power  were 
used  and  were  usually  placed  a  considerable  distance 
apart.  These  lamps  operated  at  a  high  amperage  (about 
ten  amperes)  with  low  arc  voltage,  producing  a  power- 
ful, white,  glaring  light  near  the  lamp,  and  as  a  gen- 
eral rule  all  street  lamps  were  fitted  with  clear  globes. 
This  method  of  illumination  im|ircssed  and  satisfied 
the  general  public,  who  became  accustomed  to  it,  and 
thought  the  more  glaring  the  light,  the  better  the 
lamp  and  system.  Such  a  system,  however,  though 
at  that  time  a  necessity,  was  not  based  on  correct 
theories  and  principles.  The  main  objections  to  this 
style  of  illumination  are  excessive  shadows,  unsteadi- 
ness of  arc,  and  uneven  distribution  and  poor  diffusion 
of  the  light. 

Later  on,  the  "half-arc  "  (1200-cp)  system  was 
introduced  to  meet  the  demand  for  arc  lamps  from 
cities  and  towns  that  could  not  afford  the  "full-arc" 
(2000-cp)  system,  and  from  others  that  appreciated 
the  importance  of  lamps  of  lower  energy  placed 
closer  together.  The  introduction  of  this  system  was 
really  a  step  in  advance,  although  it  was  generally 
considered  that  a  city  or  town  that  did  not  have  a 
"  full-arc "    (2000-cp)     street-lighting    system,    was     not 


of  much  account.  Some  operators  of  street  arc  lamps 
realized  the  value  of  half-ground  globes,  and  others 
went  still  further  and  placed  "opal"  globes  on  their 
lamps.  Both  ground  and  o|)al  globes  improved  the 
diffusion  and  distribution  of  the  light,  but  the  general 
public  would  still,  as  a  rule,  object  to  anything  but  a 
cJear  globe. 
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Thus  the  street-lighting  industry  continued  during 
the  first  lo  years  of  its  existence,  with  6.8-ampere 
(300  watts  at  the  arc)  and  9,6-ampere  (450  watts  at 
the  arc)  open-arc  lamps  connected  in  series  and  oper- 
ated by  special  arc  dynamos.  The  lamps  were  usually 
fitted  with  clear  globes  and  were  as  a  general  rule 
bung  at  least  400  feet  apart. 


In    1893.  the  first    demonstration    of    the 
application    of    low-energy    arc    lamps    to    cit) 
materialized,  when    the    New    York    Edison 
equipped    Fifth    avenue    (New    York   city) 
ampere    open-arc    lamps    operating    two    in 
iihout    118  volts  direct-current. 
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beyond  expectations,  but  it  was,  of  course,  expensive, 
on  account  of  the  large  original  investment,  low 
efficiency,   and    cost    of    carbons    and    trimmings.     The 
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Four-Ampehe   Series  Alternatinc  Arc  Lamp 


efficiency    of    the    system,  exclusive    of    generators  am! 
cables,  did  not  exceed  76  per  cent. 

In    order    to     reduce    the     carbon     and     trimminj; 
expenses,  three-ampere,  1 1 8-volt,  multiple  direct-current 
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inclosed-arc   lamps   have   now  been   installed   on    Fifth 
avenue,    in    place    of    the    low-energy    open-arc    lamps. 
The    efficiency    of    the    present    system,    exclusive    of 
generators  and  cables,    does  not  exceed  70  j>er  cent. 

The    commercial    success    of    the    already    described 
and    similar    low-energy    arc-lighting    systems    for    city 
lighting,   led  the  Board    of    Legislation    of    the    city  of 
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Fiii.  4— Cincinnati  Arc-Lamc  Pu^t  and  Lamp 

Cincinnati    to    specify     low-energy     four-ampere     alter- 
nating   arc    lamps    for    the    lighting  of    the   streets   and 
alleys  of   the    city  of  Cincinnati,  and    its   suburbs   and- 
surrounding  towns. 

The     four-amjJere    series    alternating    inclosed-arc 
lamp,  fitted  with    light    alabaster  inner  and  clear  outer 
globes,    with    porcelain    enamel    metal    reflectors    and 
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solid  copper  shells,  was   adopted    and    installed 
Cincinnati  Gas  and  Electric  Company. 

In    the  "underground"  or    down-town    dist 
lamps    are    mounted    on    ornamental    aluminum 
all-iron    posts.     There    are    two    posts    at    eacj 
intersection,  one   each    at    diagonally    opposite 
and  in  addition  thereto  other  lamps  are  so  pla 
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iG.  5— Cincinnati  Switch  Panels  in  Plum  Street  Station  forb.iooAhc  Lamp 

farther  than    133  feet  apart.     The-  lamps  are  placed  on 
alternate    side^    of    the    street.      On    a    few  down-town 
streets  the  lamps  are  300  feet  apart. 

Each  down-town  circuit  has  a  capacity  of  60  lamps, 
and  they  are    fed    by  underground    lead-covered  cables. 
There  are  about  one  thousand  lamps  operating  on  the 
underground  system,  which  is  controlled    directly  from 
the  generating  station.     About  one  thousand  one  hun- 

: 

dred  additional  lamps,  operating  on  part  overhead  and 
part  underground  circuits,  are  also  controlled  from  this 
station. 

The  "overhead"  district,  comprising  equipment  for 
3,300  lamps,  covers  a  large  territory  and  is  divided 
into  three  sections ;  each  section  is  controlled  from  a 
substation,  where    the    switching    and    regulating    appa- 


ratus for  about  one  thousand  one  hundred  lamps  is 
located.  Each  substation  is  supplied  with  current 
from  the  generating  station  through  two  three-phase 
cables ;  one  cable  carries  the  load  and  the  other  can 
be  switched  in  case  of  a  breakdown. 

The     lamps    in     the     overhead     district     are     hung 
from   12  to    20  feet    above    the   street,  and    are 
case  more  than  400  feet  apart. 
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Ornamental  metal  brackets,  mounted  on  painted 
wooden  poles,  support  each  lamp  in  the  overhead  dis- 
irict,  and  absolute  cut-out  hangers  with  soecial  glass- 
insulating  bells  support  each  lamp. 
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The  larger  part  of  this  magnificent  installation, 
comprising  ninety  automatic,  constant-current,  6o-light 
transformers,  ninety  combination  static  dischargers  and 
lightning  arresters,  ninety  6o-light  switch  panels  and 
4,500  scries  alternating-current  copper-cased    arc    lamps, 
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with  absolute  cut-out  hangers,  is  now  completed  and  the 
first  circuits  have  been  in  operation  about  one  year. 

The  entire  arc-lighting  system  operates  on    a    three- 
phase,  4500-volt,  60-cycle  generator.      Switching  devices 
and    automatic    transformers    in    the   generating    station 
are  arranged  in  three  groups.      Each  group  consists  of 
twelve  60-iight  transformers,  and  any  or  all  groups  can 
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Fig.  8— Seeies  ALTERNAT^^r■.-Ct;Ri(HNT  Switch  Panels  in  Walnut  Hiils  Sdb. 
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he    switched    on    either    of    the    three    phases,    which 
arrangement  permits  the  proper  balancing  of  the    load 
on  the  three-phase  system.      The  commercial  efficiency 
of  the  system,  exclusive  of  generator,  lines  and  cables, 
is  over  gr    per  cent.     The    initial    power  factor   of   the 
apparatus  is  hetWL-en   70  and  75  per  cent    at    all    loads 
above  quarter- load. 
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Due    to    the    capacity    of    the    lead-covered    cables 
connected    to    the    apparatus,    the    commercial    power 
factor    of    the    entire   system  is  maintained  from   10  to 
15    per    cent    above    the    initial    power    factor    of   the 
apparatus,  consequently  the  operating    power    factor  of 
the  installation  is  about    80    per    cent.     The  current  is 
maintained  at  exactly  four  amperes,  and  the  lamps  are 
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Fic.  9— Automatic  Constant- Cub  rent  Transfokuer-^  in  Walnut  Hills  Sub- 
station pos  1,100  Arc  Umps 

adjusted  for  about    75    volts    at    the    arc.      Each    lamp 
consumes    240    to    260    actual   watts  at  the  arc,  and  is 
equipped    with    half-inch    carbons.      Although  this  is  a 
large  diameter    for  the    carbon    for    such    a    low-energy 
arc,  the  regulation  of  the  lamp  is  perfect,  and  the  light 
alabaster    inner    globe    is    well     filled     with     a    steady 
diffused  lighi. 

TliL-  life  of  one  .5'  x  10'  carbon  is  depended  upon 
to  he   115  houi*s. 

The  trimming  of  4,500  lamps  is  taken  care  of  by 
eight  trimmers,  who  work  on  specially  -  constructed 
tower  wagons. 

The  open-base  inner  globe  is  used,  and  all  globes 
are  cleaned  at  the  substations,    where  the  carbon  stubs 


are  also  cut   to  proper   length    and    fitted    in    an    extra 
set  of  lower  carbon  holders  for  the  next  trim. 

There  are  comparatively  few  people  outside  of 
those  interested  in  street  lighting  who  understand  the 
value  of  low-energy  series  alternating-current  arc  lamiw 
as  applied  to  city  lighting.  Due  to  this  fact,  complaints 
may  be    expected  from    the    public  when  a  9.6-ampere 
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open  arc  is  replaced  with    two    low-energy  series  alter- 
nating   lamps.      It  is.  however,  an  interesting  fact  that 
when  a  change  of    this  kind    is    made  and  established, 
the    public    soon    realizes    the    advantage    of   a    steady, 
shadowless,    well-distributed    and    diffused     light,    and 
would    not  willingly    go    back    to    the    old    method    of 
illumination. 
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I'm.   13— NitJHT   VfKW    CIV  STREKT    [N    CfNCIMNATl   Il.L|TMIN*TEi>  WITH    FuUR-AmPEBE 

Sekies  Alternating-Current  Arc  Lamps,  Located  Aboi't  400  Feet  Apast 

The  writer's    experience    at    Cincinnati    during    the 
past  year  has  established  the  following  facts : 

First — The  open-base  inner  globe  is  safer  and  more 
economical  than  the  closed-base  globe. 

Second— The  large  metal  refiector    is  not  necessary 
on    four-ampere    series    altematingrcurrent    lamps   hung 
only    12    or    15    feet    above    the    street,    but    a    small 
enamel    reflector    immediately    above  the    arc    is    bene* 
licial. 

Third — The  initial  or  natural  power  factor  of  a 
four-ampere  series  alternating-current  system  should  not 
be  depended  upon  to  be  greater  than  75  per  cent, 
varying  between   70  and  75  per  cent. 

Fourth— The  75-per-cent  power  factor  applies  to 
ordinary  overhead  circuits.      When  the  current    is    sup- 


plied underground  in  lead-covered  cables,  the  capacity 
of  such  cables  introduces  leading  currents,  hence  the 
operating  power  factor  of  the  underground  circuits  at 
Cincinnati  is  maintained  above  90  per  cent. 

Fifth — The  efficiency  can  be  maintained  above  91 
per  cent  and  the  regulation  still  be  perfect. 

Sixth — Four  amperes    is    the    lowest    practical  limit 
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at  which  successful  alternating-current  arc  lij^hting  can 
be  practiced. 

Seventh — Half-inch  diameter  carbon  is  the  most 
practical  size  to  use  in  a  four-ampere  alternating-cur- 
rent lamp. 

Eighth — Notwithstanding  the  large  size  of  the  car- 
bon (considering  the  tow-energy  arc),  the  regulation 
of  the  system  is  perfect,  and  there  are  no  objection- 
able shadows  from  the  carbons. 

Ninth — It  requires  only  eight  trimmers  to  take 
care  of  4,500  lamps. 

Tenth— The  outages  or  lamps  requiring  starting  in 
the  underground  district  are  less  than  one-fourth  of 
one  per  cent,  and  in  the  overhead  district  the  out- 
ages average  three-fourths  of  one  per  cent. 

The  practical  and  commercial  success  of  the  appli- 
cation of  the  four-ampere  series  alternating  inclosed- 
arc  lamp  to  city  lighting,  as  applied  to  the  largest  arc- 
lighting  installation  in  the  world,  has  herewith  been 
called  to  the  attention  of  this  association,  and  the 
writer  hopes  that  this  paper  and  the  illustrations  will 
throw  further  light  on  one  of  the  most  important  queV 
tions  of  the  day. 
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vidual efficiency  of  the  small  number  of  large  units  for  the 
same  expenditure  of    energy,  and    for    this  reason    there  is  a 
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Mr.  Hallbcrg  states  that  he  is  using  half-inch  carbons  In 
my  opinion  better  results  would  be  obtained  by  using  three- 
eighths-inch  carbons  to  cut  down  the  wandering  of  the  arc. 
With  half-inch  carbons  and  a  small  current,  the  lighting  when 
the  arc  is  on  the  side  of  the  carbon  is  practically  three  times  as 
strong  as  it  is  on  the  opposite  side,  and  the  light  on  the  weak 
side  is  considerably  out  of  balance  to  violet.    The  use  of  a  small 
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I  would  ask  Mr.  Hallberg  how  the  oui- 

Due  to  the  fact  that  all  series  alternating- 
ily  of  Cincinnati  are  equipped  with  absolute 
ind  to  the  method  of  trimming  from  tower 
nnati  Gas  and  Electric  Company  is  able,  if 
either  to  start  or  exchange  any  lamp  on  the  system 
which  has  been  reported  out  by  the  police,  inside  of  two  hours 
after  such  lamp  has  been  reported  to  the  company's  inspectors. 
The  outages  referred  to  on  page  236  include  all  lamps  that 
refuse  to  start  up  when  the  current  is  switched  on  the  circuit. 
The  inspectors  carry  a  few  extra  lamps,  carbons  and  inner 
globes  in  iheir  tower  wagons,  so  that  they  are  prepared  when 
they  arrive  at  the  troubled  lamp  to  exchange  the  lamp  if  it  has 
been  injured,  or  to  re-carbon  the  lamp  if  the  carbons  arc  prema- 
turely consumed^which  might  happen  if  the  inner  globe  were 
broken  or  an  excessive  amount  of  air  admitted  in  any  other 
way.  When  the  lamps  were  first  installed  a  number  of  outages 
were  reported  that  upon  examination  were  found  to  be  due  to 
the  fact  that  the  carbons  were  not  properly  clamped  in  their 
holders.  Under  this  conditi  m  the  lamp  would  not  open  the 
cut-out,    as    the    resistance    of    the    carbon    circuit  was  greatly 


increased  and  the  greater  part  of  the  current  passed  i 
cut-out  and  through  the  series  starting  resistance  instead  < 
passing  through  the  carbon  circuit  and  then  through  the  sertel 
magnet  coils.  Since  the  trimmers  have  become  more  ex 
trouble  calls  of  this  kind  have  been  practically  eliminated. 

Mr.  Bektra\d  :  My  point  is  this  :  Is  the  outage  figured  1 
the  sum  of  the  lamps  burned  multiplied  by  the  number  at  houn 
they  should  have  burned  ? 

Mr.  Hallbf.rg  :  The  outages  are  reckoned  on  the  numt 
oE  lamps  installed.  For  example,  if  lo  lamps  out  of  1,000  i 
reported  oui,  the  outages  equal  one  per  cent.  There  are 
present  about  4,500  lamps  in  operation  in  Cincinnati,  and  I 
trouble  calls  from  this  number  of  lamps  fluctuate  between  1 
and  40  lamps  per  night. 

Mh.  Behtrand:  What  is  the  relative  illumination  from  | 
four-ampere  and  a  6.6-ampere  lamp  ? 

Mr.  Halliierc  :  That  is  a  difficult  question  to  answer,  bin 
I  venture  to  say  that  for  the  same  amount  of  energy  expended' 
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The  additional  increase  in  the  original  in 
four-ampere  lamp,  due  to  the  increased  nu 
fixtures,  regulating  devices,  etc.,  should  of  cour 
consideration  when  a  comparison  of  the  high  and  low-energy 
distribution  is  to  be  considered.  The  four-ampere  distrtbuiion 
will  of  course  show  less  advantage  over  the  6  6-ampere  distri- 
bution than  it  will  if  compared  with  the  7.s-ampere  system. 
However,  opinions  differ  so  widely  on  this  subject  that  local 
conditions  should  always  be  considered,  and  the  sentiment  of 
the  public  should  have  some  weight  on  this  question. 

Mr.  Wirt  :  1  have  given  considerable  thought  to  ihe 
question  of  low-current  series  lamps,  and  it  seems  to  me  that 
the  paper  just  read  does  not  show  that  a  four-ampere  system  is 
preferable  to  one  having  higher  current.  When  the  standard 
cu:-ents  were  adopted  the  field  was  open  to  any  manufacturer 
to  adopt  the  propei  current,  and  after  considerable  thought  the 
6.6-ampere  series  alternating  system  was  chosen,  as  having 
about  as  low  a  current  as  was  suitable  for  street  lighting.  It 
was  thought  that  there  was  a  demand  for  a  lamp  having 
a    higher    current,    and    the    7,5-ampere    lamp    was    therefore 
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standardized.  When  you  have  a  four-ampere  system  it  means 
less  than  four  amperes  passing  through  the  arc,  owing  to  the 
current  absorbed  in  the  shunt  coils  I  should  like  to  know 
approximately  what  current  through  the  arc  is  used  in  Cincin- 
nait.  In  our  consideration  of  the  subject  we  have  planned  that 
if  we  standardize  so  low  a  current  as  four-ampere  circuit  we 
should  adopt  4,4  amperes  in  the  main  circuit,  so  as  to  give  us 
four  amperes  in  the  arc  itself.  I  should  like  to  know  if  the 
four-ampere  system  was  selected  for  Cincinnati  on  account  of 
the  economy,  or  if  the  system  was  specified  by  the  City  Fathers. 
It  seems  to  me  that  if  the  revenue  per  kilowatt  output  from  the 
station  would  be  the  same,  it  would  be  less  expensive  to  operate 
a  6.6-ampere  system  as  compared  with  a  four-ampere,  on 
account  of  the  first  system  having  a  less  number  of  lamps  to  be 
taken  care  of.  It  is  a  fine  question  of  economy.  If  we  use  a 
small  light  unit  and  a  larger  number  of  lamps,  the  cost  of 
maintenance  is  increased,  and  the  cost  of  wiring  or  the  number 
of  circuits  is  an  important  item.  Let  us  say  that  da  lamps  in 
one  circuit  should  be  the  limit,  on  account  of  the  voltage,  which 
would  be  approximately  5,000  volts.  For  the  same  kilowatt 
capacity  the  smaller  light  unit  would  require  a  larger  number 
of  circuits.  One  objection  to  the  incloscd-arc  system  is  that 
the  number  of  volls  per  lamp,  which  is  75,  is  considerably 
higher  than  the  number  of  volts  per  lamp  used  in  the  open-arc 
system,  which  is  ,15,  and  with  the  inclosed-arc  system  the  street 
wiring  has  to  be  nearly  duplicated  ;  then,  with  the  four-ampere 
lamp  you  require  still  an  additional  number  of  circuits  for  the 
same  kilowatt  output  from  the  station.  I  do  not  see.  therefore, 
where  the  economy  comes  in  in  using  the  four-ampere  lamp 
instead  of  the  6.6-ampere. 

Mr  Arthur  Williams:  I  would  ask  Mr.  Hallberg,  if  I 
may,  what  the  city  pays  for  these  lamps,  and  how  he  figures  the 
difference  in  efficiency  between  the  low-tension  Edison  system 
— which  he  gives  as  between  70  and  75  per  cent — and  his 
system  at  91  per  cent,  I  should  also  like  to  ask  if  the  amperage 
is  correctly  stated,  that  is,  whether  it  is  approximately  or 
exactly  four  amperes  ;  because  I  have  understood  that  the 
system  at  Cincinnati  at  four  amperes  has  not  been  an  entire 
success.  There  has  been  some  didiculty.  I  believe,  in  getting 
satisfactory  results  from  four-ampere  alternating-current  arc 
lamps.  On  page  134  appears  the  statement  that  "the  open- 
base  inner  globe  is  safer."  Will  Mr.  Hallberg  kindly  define  the 
word  "safer"? 


240 

emeni  made  on  pa^e  126  regarding 

Fifth  avenue.     The  city  arc  lamps 

the  Idw-tension   mains  supplying 

amers,  and  it  seems  to  me  that  a  bare 

ncy  of  the  system   does  not  tell  ihe 

a  condensed  paper  of  this  kind,  Mr, 


rnicr  into  the  whole  ques- 
i  should  have  been  qualified, 
tigale  the  other  con- 
while  it  may  be  true 
light  be  70  per  cent 
if  all  the  elements  of  cost  enter- 
i    taken    into    account,  the 
be  reversed.      1  simply  call 
statement  of  arc  efficiency 
L  should   be  qualified   by  a 
ntering  into  the  cost  of  the 


Mm.  Lier:  There  is  a  sti 
the  efficiency  of  the  lamps  o; 
on  Fifth  avenue  are  fed    froi 
the  incandescent  light  custo 
statement  as  to  th< 
whole  story  ;  and  w 
Hallberg  may  not  have  intended   r 
lion,  yet  a  bald  statement  like  this 
I  think  that  if  Mr.  Hallberg  1 
ditions  of  the  problem,  he  would  find  that,  ■ 
that  the  bare  arc  effi 
in  one  case  and  90  in  the  other,  i 
ing  into  the    supply    of    curren 
relative  commercial  efficiencies  1 
attention  to  the  fact  that  'he  it 
does  not  tell  the  whole  story,  a 
statement  as  to  the  other  elemo 
lighting. 

Mr.  Hallberg  :  In  reply  to  Mr.  Lieb's  question  referring 
to  the  efficiency  of  the  present  Fifth  avenue  system,  which  I 
stated  to  be  70  per  cent,  as  compared  with  the  efficiency  of  the 
present  Cincinnati  system,  which  is  91  per  cen',  I  beg  to  state 
that  in  both  cases  the  efficiencies  given  include  only  the  lamps 
and  necessary  regulating  devices.  In  the  Fifth  avenue  case  the 
system  comprises  a  large  direct-current  source  of  supply,  with 
arc  lamps  operating  in  multiple  over  a  low-tension  Edison  three- 
one  or  more  large  alternators,  which  supply  current  to  automatic 
constant-current  transformers,  and  from  them  the  current  is 
carried  through  No.  6  B.  &  S,  wire  to  the  arc-light  circuits,  each 
one  of  which  has  a  capacity  of  60  lamps, 

Mr.  Lieb  also  referred  to  the  maintenance  of  cables,  etc., 
which  should  be  taken  into  consideration  when  the  efficiency  of 
the  plant  is  to  be  considered.  This  point  is  well  taken  and 
should  of  course  have  due  consideration  ;  but  you  will  note  thai 
my  paper  is  not  intended  to  bring  out  the  relative  merits  of 
high-tension  alternating  and  low-tension  direct-current  systems 
of  distribution,  but  Is  strictly  confined  to  the  merits  of  the  four- 
ampere  series  alternating  sireet-lighting  system. 

I  am  informed  that  the  alternating-current  generating 
apparatus  and  general  system  of  distribution  at  Cincinnati  are 
giving  excellent  results,  and  ihat  the  expense  of  maintenance  is 


well  within  Itmils.  The  arc-light  circuits  at  Cincinnati  operate 
at  a  pressure  between  4,000  and  5,500  volts,  depending  on  the 
number  oflamps  connected  in  the  circuit.  The  current  is  sup- 
plied in  the  underground  district  through  rubber-insuiated  and 
lead-covered  cables,  and  in  the  overhead  district  all  line  wires 
are  of  the  ordinary  No.  6  B.  &  S.  gauge,  Iriple-insulatcd, 
weather-proof  style.  There  have  been  no  electrical  breakdowns 
in  the  underground  district  of  the  Cincinnati  installation, 
although  this  part  of  the  installation  supplies  over  i.ooo  lamps 
and  has  been  in  operation  about  one  year. 

It  is  of  the  greatest  importance  that  all  lamps  on  a  high- 
tension  series  alternating  system  be  thoroughly  insulated  from 
the  ground,  and,  furthermore,  static  arresters  with  comparatively 
small  gaps  should  lie-properly  connected  to  each  circuit,  for  ihe 
purpose  of  discharging  any  extra  currents  (of  high  potential) 
that  may  be  generated  in  the  system  owing  to  the  capacity  of 
cables  and  line  wires. 

The  immediate  success  of  the  large  arc-lighting  installation 
in  Cincinnati  is  undoubtedly  due  to  the  complete  equipment  of 
this  plant,  and  the  extra  good  workmanship  in  the  installation 
of  the  system,  Thus  far,  there  has  been  no  appreciable  depre- 
ciation of  any  of  the  apparatus  or  cables  at  Cincinnati,  and  the 
service  is  more  reliable  than  it  used  to  be  with  the  high-tension 
10-ampere  BfLish  arc  machines  and  open-arc  lamps. 

Mr,  Williams  :  I  have  a  further  question  ;  Wherein  lies  the 
justification  for  complicating  and  duplicating  a  distributing 
system  in  such  a  city  as  Cincinnati,  where  the  three-wire  direct- 
current  distributing  system  is  already  in  existence?  How  can 
that  duplication  be  technically  or  commercially  justified  ? 

Mr.  Hallueho:  1  do  not  know  whether  or  not  I  have 
answered  all  of  Mr.  Williams'  questions,  but  I  think  that  most 
of  them  are  in  line  with  those  brought  up  by  Mr.  Lieb. 

Mh.  Williams:  The  cost  of  electric  lighting  was  the  first 
one. 

Mb.  Hallbeuc  :  The  city  of  Cincinnati  pays  to  the  Cincin- 
nati Gas  and  Electric  Company  $72  per  year  for  each  four- 
ampere  lamp  connected  to  the  overhead  system. 

Mr.  Williams:  On  page  234  the  word  "safer"  is  used; 
safer  from  what.' 

Mk  Halluero:  Referring  to  the  paragraph  on  page  334 
where  I  state  that  the  "open-base  inner  globe  is  safer  and  more 
economical    than    the    closed-base    globe,"    I    would    say    that 


inclosed-arc  lamps  were  originally  equipped  t 
inner  globe,  and  this  Style  of  globe  proved  to  be  entirely  satial 
factory  and  successful.  Later  on,  however,  some  manufacture^ 
applied  the  closed-base  inner  globe  to  the  inclosed-arc  lai 
with  more  or  less  success.  When  the  closed-base  trim 
inner  globe  is  applied  to  an  arc  lamp,  it  is  necessary  to  proi 
means  for  holding  the  lower  carbon  inside  of  the  globe, 
usual  methoJ  is  to  provide  a  metal  arm  which  runs  down  f 
the  base  of  the  lamp  to  the  bottom  end  of  the  lower  carboii| 
where  a  suitable  lower-carbon  holder  is  provided.  Il  is  neces* 
sary  that  the  inner  globe,  in  an  inclosed-arc  lamp,  should  be  a 
small  as  possible,  in  order  to  prolong  the  life  of  the  carbond 
On  this  account  it  necessarily  follows  that  the 
of  the  globe  must  run  close  to  the  arc  and  carbons.  On  low 
tension  arc  lamps  the  closed-base  trim  and  inner  globe  with  thd 
metal  arm  near  the  arc  can  be  used  without  any  danger  of 
arc  jumping  from  the  upper  carbon  to  the  metal  frame  \ 
supports  the  lower  carbon.  On  high-tension  lamps,  or  lai 
drawing  extra  long  arcs,  there  is  a  liability  of  the  arc  jumping 
from  the  upper  carbon  to  the  metal  frame  inside  of  the  globe  ; 
and  when  the  arc  has  once  been  established  between  these  two  | 
points,  it  is  only  a  matter  of  time  until  the 
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J,  which  not  only  puts  the  lamp 
;  considerable  expense  for  repairs.  The  a 
ump  to  the  lower  frame  when  the  lamp  i 
N  carbons  of  the  cored  type — which  are  nec< 
ating  lamps — as  the  arc  is  then  subject 
ilways  close  to  the  metal  frame.  There  a 
:  flaming  of  the  arc,  such  as  high-feedinj 
ps— which  may  be  due  to  improper  adjust 
ment  of  the  lamp  mechanism — chipped  or  broken  inner  globes, 
and  imperfect  carbons.  The  various  troubles  above  referred 
to  have  been  experienced  by  many  operators  and  manufacturerSi^ 
of  inclosed-arc  lamps  during  the  past  few  years,  and  constaifl 
changes  of  design  in  the  [rimming  devices  for  closed-base  inn^j 
globes  have  not  yet  entirely  eliminated  troubles  due  to  i 
form  of  trim.  Many  lamps  in  operation  with  closed-base 
trimming  devices  are  giving  considerable  trouble,  and  some 
people  are  willing  to  put  up  with  and  pay  for  the  repairs  due 
lo  such  trouble  ;  but  the  Cincinnati  Gas  and  Electric  Company 
decided,  after  careful  consideration  of  both  the  open  and 
inclosed-base  trim   and    inner    globe,  to    adopt    the    open-bas& 
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style,  and    the    above    fads    were    their    principal    reasons    for 
coming  to  this  decision. 

There  is  another  feature  that  should  be  considered,  and 
that  is  that  the  breakage  in  handling  will  be  greater  with  the 
closed-base  inner  g!obe.  lixtensive  tests  have  proven  that 
the  breakage  due  to  the  heating  of  the  arc  is  not  greater  with 
the  open  base,  and  the  cost  for  renewals  for  the  closed-base 
inner  globes  is  approximately  15  per  cent  above  the  same  cost 
for  ihe  open-base  style.  The  closed-base  inner  globe  has  a 
much  larger  top  surface  than  the  open-base  type,  therefore  the 
top  edge  is  more  liable  to  chip  and  crack  ;  and  a  chipped  or 
cracked  inner  globe  should  never  be  used  on  an  inclosed-arc 
lamp.  The  very  fact  that  it  has  taken  the  most  prominent 
arc-lamp  manufacturers  more  than  two  years  to  decide  whether 
or  not  they  should  adopt  the  closed-base  inner  globe  for  any 
style  of  lamp,  on  account  of  the  troubles  above  referred  to. 
should  be  sufficient  evidence  that  it  is  not  quite  as  good  as^  tiie 
open-base  type,  and  it  has  not  been  tried  so  thoroughly  and 
satisfactorily.      I    believe    the    above   answers   Mr.    Williams' 


Mr.  Bean  ;  Are  the  four-ampere  arc  lamps  at  Cincinnati 
hung  at  I  J  and  15  feet  so  hung  that  they  cast  a  shadow  ? 

Mr.  Hallberg  :  The  Cincinnati  four-ampere  lamps  are 
practically  free  from  shadows,  even  though  they  are  equipped 
with  half-inch  carbons,  which  is  a  comparatively  large  size  of 
Cdrbon  for  such  a  small  amount  of  current  at  the  arc. 

Referring  lo  Mr.  Ryan's  staiemcnt  that  threeeighths-inch 
carbons  in  the  lamps  would  materially  improve  the  illumination, 
I  would  say  thai,  in  a  general  way,  I  agree  with  him  when  clear 
inner  globes  are  used,  but  with  alabaster  inner  globes  the 
diffusive  power  of  the  globes  is  sufficiently  great  to  counteract 
any  displacement  of  the  arc. 

Mk.  Bean  :  How  many  feet  high  are  the  arc  lamps  in  the 
city  ? 

Mr.  Halluerg 
approximately 
district  the  lai 

street,  depending  on  the  nature  of  ilium 
thai  is,  where  the  foliage  of  the  trees  is  low  il 
low,  and  where  the  streets  are  practically  fi 
lamps  are  hung  higher, 

Mr.  Bean  ;  Are  there  any  shadows.' 


In  the  downtown  district  the  lamps  hang 
feet  above  the  curb,  and  in  the  overhead 
are  hung  between  12  and  ao  feet  above  the 
ire  of  illumination  required  ; 
s  are  hung 
1  trees  the 


No,  there  are  practically  no  shadows,  as 
Ihe  alabaster  inner  globes  diffuse  the  light  perfectly.  There  can 
be  no  comparison  between  the  open  and  inclosed  arc  in  this 
respect,  as  the  light  from  the  inclosed  arc  is  absolutely  steady 
and  well  diffused.  The  lamps  are  hung,  on  an  average,  150  fert 
apart. 

Mr.  Hean  :  F  saw  an  installation  of  the  Manhattan  lamps  on 
40-foot  poles  :  it  is  a  successi'  n  of  lights  and  shadows.  And  that 
is  called  a  6.6-ampere  lamp,  as  I  understand  it,  and  something 
like  75  or  80  volts  Shadows  were  cjuite  perceptible  and  ihe 
lamps  did  not  give  a  smooth  lighl,  I  am  familiar  with  the 
streets  of  Cincinnati,  and  was  anxious  i"  know  if  tliere  were 
any  shadows  cast  by  these  lamps,  I  would  also  ask  Mr.  Hall- 
berg  if  he  figured  the  cost  of  distributing  light  in  Cincinnati 
with  4,500  four-ampere  lamps.  The  question  of  cost  arises,  as 
to  whether  you  would  get  better  results  with  such  lamps  and 
get  rid  of  shadows. 

M«,  Hai.lbeiig  ;  When  7.5-ampere  or  high-energy  arc  lamps 
are  10  be  installed  it  is  necessary,  in  order  to  obtain  proper  distri- 
bution of  the  light,  that  the  lamps  should  hang  at  least  15  feet 
above  the  street  ;  and  even  at  that  height  the  7.5-ampere  arc  is 
objectionable  to  the  eye  and  the  shadows  are  sharp  and 
enlarged  to  a  considerable  extent.  On  account  of  the  high 
suspension  necessary  for  the  7.5-ampere  lamps,  a  considerable 
amount  of  light  is  sacnticed  and  the  general  illumination  is  not 
uniform,  in  this  respect  approaching  the  open-arc  lamp,  as 
already  referred  to  in  my  paper.  The  four-ampere  series  alter- 
nating iiiclosed-arc  lamp,  when  properly  installed,  furnishes  a 
uniform  and  steady  street  illumination  of  high  commercial 
efficiency.  The  ideal  illumination,  in  my  opinion,  is  of  such  a 
nature  that  it  does  not  disturb  the  optic  nerve,  and  it  softens 
the  definition  between  lights  and  shadows  as  much  as  possible. 
The  four-ampere  alternating-current  arc  lamp  will  practically 
meet  these  conditions. 

The  President:  We  have  another  paper,  not  exactly  on 
this  subject,  but  kindred  to  it.  It  is  entitled  ■"Notes  on  the 
Inclosed  Electric  Arc  "  The  paper  is  written  by  Professor  blihu 
Thomson.  He  was  kind  enough  to  pVomise  me  that  he  would 
be  present  at  this  convention,  but.  as  you  l-arned  this  morning 
from   the  letter  he  sent,  owing  to   his   mother's  illness  he  was 


unable 
but  as 


.  be  hei 


His 


pape 

this  seems  an  approprii 
an  to  read  the  paper. 


was  schedu 
te  time 


Mr.  Ryan  read  Profess()r  Thomson's  paper,  as  follows  : 

NOTES  ON  THE   INCLOSED   ELECTRIC  ARC 


The  inclosed-carbon  arc,  in  its  behavior  and 
effects,  presents  such  points  of  difference  from  the 
arc  burned  in  free  air  that  a  presentation  of  a  few 
notes  or  explanations  of  these  differences  between 
them,  together  with  considerations  bearing  in  par- 
ticular on  the  inclosed  arc  and  its  working,  may  be 
useful. 

In  the.  open  arc,  the  fairly  rapid  combustion  of 
the  carbons  by  the  oxygen  of  the  air  adds  itself  to 
the  effect  of  the  arc  proper ;  namely,  the  hot-vapor 
stream  indicating  the  passage  of  the  current.  The 
result  is  that  the  carbons  burn  with  tapered  ends  ;  the 
positive  with  direct  current  generally  acquiring  a  well- 
defined  crater,  the  size  or  area  of  which  (under  equal 
conditions)  depends  on  the  current  strength.  In  the 
case  of  alternating  currents,  a  less  perfectly  defined 
crater  forms  on  the  ends  of  both  carbons. 

In  the  inclosed  arc  we  have  the  combustion  re- 
duced to  a  minimum,  with  the  result  of  causing  the 
ends  of  the  carbons  to  remain  nearly  square  or  very 
blunt,  with  the  added  necessity  for  the  production  of 
a  longer  arc  and  the  use  of  a  higher  impressed  vol- 
tage. These  facts  are  well  known  ;  about  65  to  70 
volts  being  found  to  be  the  minimum  potential  differ- 
ence that  can  be  used,  while  with  the  open  arc  it  is 
normally  from  40  to  50.  Any  attempt  to  shorten  the 
arc   and    thereby    reduce    the    voltage,    results,  with    a 


well-inclosed  arc,  in  solid  carbon  deposits  on  the 
negative  carbon,  which  may  accumulate  lo  such  an 
amount  as  to  shunt  the  arc  as  a  solid  conductor. 
The  effect  is  much  the  same  with  open-air  arcs,  which 
when  unduly  shortened  produce  similar  mushroom 
graphitic  carbon  deposits  on  the  negative.  In  the 
open-air  arc,  however,  these  deposits  are  undercut  by 
the  combustion  of  the  point  of  the  negative  on  which 
they  rest,  and  as  a  consequence  they  drop  out  from 
time  to  time,  thus  relieving  the  situation.  This  does 
not  occur  with  the  inclosed  arc,  and  the  conditions 
remain  indefinitely.  In  the  inclosed  arc  the  deposits, 
once  begun,  accentuate  themselves  by  still  further 
shortening  the  arc,  and,  owing  to  the  paucity  of 
oxygen,  can  not  be  burned  away  so  as  to  drop  freely 
out  from  between  the  carbons  as  in  the  case  of  the 
open  arc. 

On  account  of  the  square  ends  of  the  carbons  in 
the  inclosed  arc,  it  would  be  disadvantageous  to 
shorten  the  arc,  even  if  the  solid  carbon  deposits  did 
not  form.  Such  shortening  would  obstruct  the  free 
radiation  of  light  from  the  hot  ends  of  the  carbon, 
more  particularly  from  the  crater  surfaces,  which 
gradually  shift  their  position  or  travel  about  the  flat 
end  of  the  carbon.  Too  close  appro.\imalion  of 
the  carbon  ends  would  also  greatly  accentuate  the 
inequalities  in  the  emission  of  light,  which,  as  the 
arc  moves  from  side  to  side,  are  sufficiently  notice- 
able. The  valuable  commercial  result  attained  by  the 
inclosure  of  the  arc  is.  of  course,  the  saving  of  the 
cost  of  frequent  trimming  and  carbon  renewals. 
Another  result  is  that  single  lamps,  taking  a  large 
percentage  of  the  voltage  across  the  ordinary  low- 
voltage  mains,  can  be  employed  in  parallel  with 
incandescent  lamps,  a  choking  resistance  being  incorpo- 


247 

rated  in  series  with  the  arc  to  take  up  the  excess 
voltage  and  also  to  steady  the  current,  which  would 
otherwise  be  unstable.  With  the  alternating  current 
the  waste  in  the  choking  resistance  is  obviated  in 
large  measure  by  employing,  instead,  inductance  coils 
in  series  with  the  arc.  The  saving  thus  effected 
makes  up  for  the  comparatively  lower  efficiency  of 
the  alternating-current  arc. 

It  may  be  asked  here  whether  more  complete 
inclosure  of  carbons  or  more  perfect  exclusion  of  air 
would  not  give  still  greater  life  to  a  single  pair  of 
carbons.  Experience  has,  however,  shown  that  it  is 
easy  to  go  too  far  in  checking  combustion,  and  that 
the  ideal  condition  is  one  in  which  the  carbons 
undergo  a  slow  actual  combustion  in  an  atmosphere 
that  contains  at  any  time  only  a  small  amount  of 
oxygen  available  for  union  with  the  hot  carbon. 
This  atmosphere  is  composed  chiefly  of  nitrogen, 
carbonic  oxide,  carbon  dioxide,  and  what  little  free 
oxygen  passes  in  with  the  leakage  air,  entering 
mostly  around  the  upper  carbon  through  the  opening 
in  the  metal  cap  resting  on  the  surrounding  small 
glass  inner  globe,  so-called.  It  is  even  possible  that 
what  oxygen  enters  the  inclosure  is  combined  at 
once  with  carbonic  oxide  to  form  carbon  dioxide  and 
that  the  real  waste  of  the  carbon  takes  place  from 
the  latter  gas  dividing  its  oxygen  with  the  carbon 
and  again  forming  carbonic  oxide  in  the  globe.  This 
is  an  action  that,  in  fact,  occurs  in  every  anthracite 
coal  fire. 

When,  however,  the  supply  of  oxygen  to  an 
inclosed  arc  is  so  completely  cut  off  as  almost  to 
check  oxidation  of  carbon,  it  is  then  found  that  in 
spite  of  the  elongation  of  the  arc,  and  consequent 
high    voltage    as    compared    with    the    open    arc.    the 
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carbon  mushroom  deposits  again  form,  and,  what  is 
also  very  objectionable,  the  upper  part  of  the  globe 
l>ecomes  coated  with  soot  or  unconsumed  carbon, 
volatilized  in  the  arc  and  condensed  without  com- 
bustion. This  deposit  actually  tends  to  shut  off  the 
entering  air,  and  in  any  case  so  exhausts  the  entering 
air  of  its  oxygen  as  to  prevent  any  from  reaching 
the  arc.  With  inclosed  arcs,  burning  upon  constant- 
potential  direct-current  circuits,  in  branches  from 
those  circuits,  there  is  always  such  a  variation  of 
current  that  a  continual  slight  pumping  action  of  the 
upper  carbon  takes  place,  the  effect  of  which  is  to 
cause  the  entrance  of  air  to  the  globe.  When  the 
carbon  descends,  a  little  hot  gas  is  expelled,  and 
when  it  rises  again,  cool  air  (with  oxygen)  is  drawn 
in.  So  great  can  this  automatic  ventilation  of  the 
inner  globe  become  that,  in  spite  of  the  careful  fitting 
of  the  upper  carbon  to  the  opening  in  the  metal  cap, 
the  complete  closure  of  the  cap  with  the  upper  edge 
of  the  globe  ground  flat,  and  the  packing  of  the 
joint  at  the  base  of  the  globe,  too  much  air  can 
enter  and  shorten  the  carbon  life  unduly.  Should  the 
pumping  action  become  excessive,  as  when  there  is 
too  little  steadying  resistance  in  series  with  the  arc, 
much  of  the  advantage  of  inclosing  the  arc  is 
neutralized.  Unsteadiness,  then,  due  to  instability  of 
current,  is  not  alone  detrimental  to  the  character  of 
the  light,  but  may  tend  to  rapid  oxidation  and  con- 
sumption of  the  carbon. 

In  order  to  lessen  the  exchange  of  air  for  gases 
by  this  pumping  action,  the  cap  on  the  glolie  was 
modified.  Instead  of  allowing  the  upper  carbon  to 
pass  through  a  simple  opening  in  the  gas  cap,  the 
cap  was  thickened  and  an  open  space  or  chamber 
provided    around    the    carbon  within    the    body  of    the 
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cap.  The  L-ffect  of  this  was  to  provide  a  sort  of  gas 
check,  which  lessened  the  rale  at  which  the  inter- 
change of  outside  air  and  gas  took  place.  It  was  as 
if  the  cap  had  been  made  in  two  parts,  an  upper  and 
an  under  lloor.  each  with  a  fairly  closely  fitted  open- 
ing through  which  the  carbon  passed,  and  between 
them  an  intermediate  space  having  within  neither  air 
nor  gas  alone,  but  a  mixture  of  both.  It  is  easily 
seen  that  by  this  arrangement  the  effect  of  the 
pumping  section  and  the  leakage  were  greatly  dimin- 
ished, though  not  entirely  checked.  The  next  move 
was  even  more  radical.  This  was  the  providing  of  an 
open  but  lengthened  passage  between  the  outer  air 
and  the  interior  of  the  globe,  independent  of  the  fit 
of  the  upper  carbon  in  the  central  opening  of  the 
cap.  In.  this  case  the  pumping  action  simply  moved 
a  column  of  air  back  and  forth  within  the  lengthened 
passage,  and  the  diffusion  of  air  into  gas.  or  the 
reverse,  only  took  place  at  a  very  slow  rate.  The 
lengthened  passage  was  naturally  made  in  the  gas 
cap  itself.  The  result  has  been  a  considerable  gain 
in  the  life  of  the  carbons.  It  has  even  been  found 
that  with  this  provision  to  check  leakage  the  check 
was,  in  some  cases,  too  complete.  For  example,  on 
constant-current  circuits  regulated  closely  to  a  definite 
value  of  current,  there  is,  of  course,  no  such  pump- 
ing or  oscillation  of  the  upper  carbon  as  occurs  with 
constant-potential  circuits  feeding  the  arc  lamps,  and 
therefore  no  supply  of  oxygen  for  the  combustion  of 
the  carbon  reaches  the  inner  globe  as  a  result  of 
movement  of  the  carbon.  With  the  alternating  cur- 
rent, however,  the  very  intermittence  of  the  arc  flame 
tends  to  the  introduction  of  air  or  oxygen. 

In    some    cases    of    constant  direct  current    it    has 
been  found  that   the    exclusion    of    air    might    be    so 
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perfect  as  to  give  rise  to  carbon  deposits  on  the 
negative,  soot  deposits  on  the  upper  part  of  the 
interior  of  the  inner  globe,  soot  deposits  on  the  cap, 
and  soot  packing  in  the  slight  crevice  around  the 
upper  carbon  where  it  passed  through  the  cap.  The 
consequence  is  complete  failure  of  the  lamp  as  a 
source  of  light.  The  very  beginning  of  deposition  of 
soot  completes  the  exclusion  of  air  by  its  packing 
into  the  leakage  spaces.  The  remedy  in  such  case  is 
to  provide  for  a  sufficient  leakage,  which  will  allow 
the  proper  combustion  of  the  carbon.  This  can 
always  be  accomplished  by  giving  a  greater  play  of 
the  upper  carbon  in  the  opening  through  the  cap ; 
that  is,  by  widening  this  opening,  or  by  a  special 
small  opening  or  leak.  When  the  amount  of  oxygen 
of  the  air  that  enters  is  not*  in  excess  of  the  amount 
that  just  suffices  to  burn  the  carbon  vapor  between 
the  carbons,  no  carbon  deposits  are  formed,  no  soot 
is  set  afloat,  and  the  life  of  the  carbon  is  prolonged 
as  much  as  practicable. 

Since  the  space  within  the  inclosing  globe  is  quite 
restricted,  it  is  important  that  the  carbons  used  be  of 
as  pure  carbon  as  possible,  so  that  but  little  residue 
will  remain  to  be  deposited  in  the  glass  during  the 
run  and  obscure  the  li<rht.  The  avoidance  of  any 
consideral)le  pcrccntaji^c  of  iron  or  other  metals  whose 
oxides  are  of  dark  color  or  dense  and  opaque  is,  of 
course,  imperative.  Since  carbon  itself  burns  into 
gaseous  oxides  which  escape,  and  may  be  said  to  be 
unique  in  this  respect  when  its  very  infusible  or  re- 
fractory character  is  considered,  it  will  not  be  likely 
to  be  replaced  in  inclosed-arc  li<rhting,  in  whole  or 
part,  by  any  other  material.  The  introduction  of  in- 
closed arcs  has,  in  conse(|uence,  forced  the  manufacture 
of   exceedingly    pure .  carbons,    while   the   other  condi- 


tions  have  rendered  necessary  a  great  uniformity  of 
texture  and  density,  together  with  accuracy  of  form 
and  dimensions.  Those  who  can  look  back  far  enough 
will  remember  the  early  carbons  with  their  irregulari- 
ties, and  the  considerable  percentage  of  ash  contained, 
and  will  therefore  be  able  to  appreciate  the  present 
high  standard. 

Along  with  this  came  the  possibility  of  using  the 
type  of  mechanism,  now  so  common,  in  which  the 
carbon  itself  is  fed  by  the  clutch  directly  instead  of 
being  held  by  a  carbon-holding  rod,  which  rod  is 
acted  on  by  the  feeding  clutch.  The  possibility  of 
doing  this  depends  on  the  mechanical  perfection  of 
the  carbons  as  to  size,  regularity  of  form,  straightness, 
etc.,  and  is  favored  greatly  by  the  comparatively  in- 
frequent feeding  action  of  the  inclosed-arc  carbons 
owing  to  the  very  slow  combustion.  The  force  of 
this  is  seen  when  it  is  stated  that  the  rate  of  burning 
may  not  exceed  five  or  six  per  cent  of  what  it  is 
with  the  open  arc.  Back  in  1885  the  Thomson- 
Houston  Electric  Company  put  into  operation  in 
Gloucester,  Mass.,  a  circuit  of  about  50  carbon-feeding 
lamps,  but  their  use  had  finally  to  be  discontinued 
owing  to  the  irregular  form,  size  and  quality  of  car- 
bons then  available.  It  is  interesting  to  note  that  the 
demand  for  these  lamps  arose  from  the  prevalence  of 
low  ceilings,  calling  for  a  shortening  of  the  lamp, 
which  shortening,  as  finally  accomplished  in  the 
modern  inclosed-arc  lamp,  has  been  attended  with 
improvement  of  design  and  artistic  effect  impossible 
with  the  ungainly  length  of  the  open-arc  carbon-hold- 
ing rod  type.  The  circuit  of  lamps  above  mentioned 
was,  I  believe,  afterward  replaced  by  a  series  of  short 
double-carbon  lamps  with  the  usual  brass  holding  rods 
and  using  short  carbons  instead  of  the  standard 
lengths. 
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With  the  inclosed,  as  with  the  open  arc,  most  of 
the  light  comes  from  the  heated  ends  of  the  carbons 
and  some  from  the  arc  frame  itself.  The  latter 
portion  is  not  pure  white,  but  is  strongly  tinged  with 
purple.  The  same  is  true  of  the  open  arc ;  but  not 
to  the  same  extent,  since  the  arc  flame  is  shorter  and 
contributes  a  much  smaller  portion  of  the  total  light. 
To  correct  the  purplish  tint  of  the  light,  the  inclosing 
globe  is  now  generally  made  of  glass  tinged  with 
yellow,  or,  rather,  glass  that  has  a  strong  absorption 
for  the  blue  or  violet  rays.  The  glass  employed  is 
also  generally  a  thin  opal,  which,  though  it  causes 
loss  of  some  fraction  of  the  light  by  absorption,  is 
still  of  great  benefit  in  improving  the  distribution 
and  increasing  the  apparent  steadiness  of  the  arc. 
When  the  arc  moves  about  between  the  carbons,  the 
amounts  of  light  emitted  in  the  various  directions 
change  relatively  to  each  other,  and  this  is  true  to  a 
decided  and  disagreeble  extent  when  inclosing  globes 
of  clear  glass  alone  are  used.  With  the  opal  glass  so 
near  the  arc,  the  globe  becomes  itself  so  highly 
luminous,  in  virtue  of  its  diffusive  power,  that  it 
blends  or  smooths  the  irregularities  of  the  arc  emis- 
sions,  receiving,  as  it  does,  the  light  of  the  arc  in 
any  direction  and  diffusing  the  same  in  every  direction 
from  itself. 

A  feature  of  the  arc  as  inclosed  is  that  the  shift- 
ing of  the  arc  is  generally  much  more  slow  or 
deliberate,  so  to  speak,  as  compared  with  the  open 
arc,  and  the  protection  from  wind  or  drafts  of  air 
further  conduces  to  its  steadiness. 

The  conditions  that  the  inner  globe  must  stand 
without  cracking  or  discoloration  are  certainly  severe, 
and  call  for  the  best  exertions  of  the  glassmaker  and 
glassworker.     The  temperature  changes   are   great  and 


sudden,  while  the  gases  within  the  globe  are  of  a 
reducing  character  so  far  as  oxides  of  lead  and  tin 
are  concerned,  these  being  normal  constituents  of 
some  of  the  best  glasses  for  withstanding  sudden 
temperature  changes.  An  ideal  material  for  these 
globes  would  be  fused  quartz  if  it  could  be  worked 
cheaply  enough,  for  it  withstands  the  most  sudden 
heating  or  cooling  without  cracking  and  can  not  he 
softened  except  at  the  very  highest  temperatures,  far 
beyond  ordinary  furnace  temperatures. 

The  economy  of  light  production  in  the  inclosed- 
arc  lamp  can  not  be  expected  to  approach  that  of  the 
open  arc,  and  for  several  reasons.  For  a  given  energy 
in  the  arc  the  current  is  smaller  and  the  arc  flame 
longer  with  higher  voltage.  This  means  that  more  of 
the  energy  goes  into  the  flame,  as  compared  with  that 
which  heats  the  carbon  ends.  The  crater  surface  is 
therefore  smaller,  and  as  the  arc  fiame  itself  is  a  poor 
source  of  light  as  compared  with  the  hot  solid  carbon 
surface,  the  increased  arc  length  in  the  inclosed  arc 
contributes  but  little  to  the  illuminating  power. 
Moreover,  the  surrounding  glass  globe  invariably 
absorbs  a  percentage  of  the  light,  which  increases 
during  the  run  owing  to  the  partial  obscuration  of  its 
walls  by  partially  opaque  deposits.  It  is  fortunate 
that  these  deposits  are  nearly  all  on  the  cap  and 
upper  part  of  the  globe,  and  that  as  the  arc  burns 
down  in  the  globe  it  comes  opposite  to  those  portions 
of  the  walls  most  free  from  deposits.  Were  it  not 
for  these  conditions,  the  defect  mentioned  would  be 
more  palpable.  Considerable  attention  is  now  being 
given  to  the  introduction  of  refractory  substances  into 
arc  carbons  for  the  purpose  of  providing  solid  matter 
or  fumes  in  the  arc  flame  itself. 

This  gives  rise  to  a  condition  similar  to  that  of  an 
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ordinary  candle  or  gas  flame  in  which  the  particles  of 
soot  heated  by  the  combustion  constitute  the  sub- 
stantial light-radiating  surface.  When  the  gas  flame 
does  not  smolce,  these  soot  particles  are  completely 
oxidized  or  burned  to  carbon  dioxide  in  the  upper 
part  of^  the  flame.  Increased  efficiency  of  the  arc 
flame  may  be,  in  fact,  the  result  of  the  introduction 
of  refractory  fumes  or  smoke.  The  arc  then  becomes 
a  highly  luminous  flame  with  the  solid  particles  car- 
ried in  it  heated  to  an  exceedingly  high  temperature. 
Such  an  arc  must  be  burned  in  the  open  air 
and  provision  made  for  catching  the  smoke  or 
fumes,  or  their  escape  may  be  neglected,  as  when 
such  fume  arcs  are  used  out  of  doors.  It  is  not 
probable  that  any  material  will  be  found  that,  like 
the  carbon  particles  in  an  ordinary  luminous  flame, 
will  burn  into  invisible  gas  on  leaving  the  arc  after 
performing  its  function  of  having  been  made  intensely 
incandescent  while  immersed  in  the  arc  flame.  Until 
such  material  be  found,  the  application  of  the  prin- 
ciple to  the  improvement  of  inclosed-arc  lights  is,  of 
course,  out  of  the  question.  Another  way  of  improv- 
ing the  efficiency  is  to  substitute  for  carbon  vapor  in 
the  arc  some  substance  which  at  high  temperature  and 
in  the  state  of  vapor  gives  a  bright  spectrum  contain- 
ing light  of  nearly  all  colors  or  wave  lengths.  But 
as  these,  so  far  as  known,  give  rise  to  smoke  or 
fumes  they  can  not  be  employed  in  inclosed  arcs  and 
are,  therefore,  outside  of  the  scope  of  the  present 
paper. 

l^Vom  the  above  brief  discussion  it  would  appear 
that  effort  should  be  directed  to  increasing  the  purity 
of  the  carbons  used  with  inclosed  arcs,  for  bettering 
the  results.  The  lower  efficiency  in  relation  to  the 
open  arc    is   shown    to    he    unavoidable,  but    must    be 
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taken  as  compensated  for  by  the  longer  burning  with- 
out retrimming,  lessening  the  cost  of  carbons  as  well 
as  the  labor  and  inconvenience. 

The  characteristics  above  pointed  out  are,  of 
course,  shared  by  inclosed  arcs  whether  used"  in  series 
on  alternating  or  direct  circuits,  or  used  in  branches 
from  constant-potential  mains.  The  introduction  of 
the  inclosed-arc  lamp,  however,  may  be  said  to  have 
been  of  the  greatest  value  in  the  extension  of  arc 
lighting  upon  incandescent  lamp  circuits  in  parallel. 
Still  more  recently  they  have  lent  themselves  most 
effectively  to  the  employment  of  alternating  currents 
in  arc  lighting  from  constant-current  transformers, 
particularly  for  street  lighting.  But  these  matters  are 
now  so  familiar  that  it  is  needless  to  dwell  upon 
them  here. 

DISCUSSION 

The  President  :  I  will  ask  Mr.  Ryan,  before  having  any 
discussion  on  the  paper  just  read,  if  he  will  kindly  answer 
Mr.  Bean's  question  on  the  previous  paper  a  little  more  fully. 

Mr.  Ryan  :  I  believe  Mr.  Bean's  question  was  on  the 
relative  lighting  distance  of  large  units  I'crsus  small  units.  If 
we  take,  for  example,  4.4-ampere  lamps  as  compared  with 
7.5-ampere,  we  shall  require  for  a  given  illumination  midway 
between  lamps  14.85  4.4-ampere  lamps  per  mile  or  10,68  7.5- 
ampere  lamps  per  mile.  Assuming  series  alternating  lamps, 
the  expenditure  of  terminal  energy  would  be  4,235  watts  per 
mile  for  the  former  and  5,180  watts  per  mile  for  the  latter,  thus 
effecting  a  saving  of  945  watts  per  mile  for  the  same  illumina- 
tion midway  between  lamps — building  reflections  neglected. 
Further,  for  the  same  expenditure  of  energy  per  mile — namely, 
5,180  watts — we  should  have  18.17  4.4-ampere  lamps  against 
10.68  7.5-ampere  lamps ;  in  other  words,  we  should  have 
approximately  18  strongly  illuminated  areas  against  11.  The 
saving  in  energy  of  watts  per  mile  for  a  given  illumination 
midway  between  lamps  is  based  purely  on  the  effective  illumina- 
tion, and  has  no  reference  to  local  conditions  or  greater  initial 
cost  for  the  larger  number  of  small  lamps  that  would  be  needed 
as  compared  with  what  would  be  required  if  the  larger  units 
were  employed. 
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Again  referring  10  my  statement  in  regard  to  the  variation 
of  the  tight  of  so-called  four-ampere  lamps  with  half-inch 
carbons,  I  would  state  that  the  variation  mentioned  takes  place 
when  the  lamp  is  equipped  with  the  ordinary  opalescent  globe. 
It  would  require  a  dense  globe  to  balance  such  a  light  satisfac- 
torily, but-this  would  reduce  the  efficiency  very  much.  By 
using  carbons  of  smaller  diameter  you  not  only  reduce  the 
variation  in  the  light  due  lo  the  wandering  of  the  arc,  but  there 
is  less  surface  to  cool  the  crater  by  conduction.  A  large  mass  of 
carbon  chills  the  edge  of  the  crater,  which  results  in  a  reduction 
in  efficiency. 

Mk.  Wirt  :  What  size  of  carbons  do  you  recommend  ? 

Mb.  Ryan;  Three-eighth-inch. 

Mr.  Wfrt  :  I  think  the  answer  to  Mr.  Bean's  question  is 
like  Mr.  Hallberg's  compi:lation  in  regard  to  the  lamps  on  Fifth 
avenue  ;  you  have  not  allowed  tor  the  extra  cost  of  lamps  and 

Mr.  Ryan;  I  made  the  statement  that  my  remarks  were 
based  entirely  on  my  point  of  view  ;  purely  the  lighting  point 
of  view.  I  do  not  want  the  association  to  forget  about  the 
number  of  lamps,  transformers,  circuits,  and  so  forth.  We  have 
gone  into  the  question  pf  low-current  lamps  for  street  lighting, 
and  we  can  not  see  much  in  it.  It  is  establishing  a  new 
standard  that  I  think  is  of  doubtful  value  to  either  the  central- 
station  people  or  the  cities.  The  efficiency  of  illumination  is 
reduced  when  you  allow  for  extra  cost  of  supplying  current. 

Mr.  Liek  :  Is  it  not  a  fact  that  in  addition  to  the  mere 
question  of  lighting  values  quantitatively — that  is,  so  many 
candles  per  square  foot — you  must  take  into  consideration  also 
the  general  effectiveness  of  the  illumination,  its  brilliancy,  which 
is  a  question  not  touched  on  here?  In  other  words,  if  you 
should  put  the  same  amount  of  candles  per  square  foot  on  a 
street  with  incandescent  as  with  arc  lamps,  would  you  not  get, 
as  a  whole,  much  more  effective  street  lighting  from  the  arc 
lamps? 

Mr,  Ryan:  I  think  you  are  quite  right.  The  reflection 
from  the  buildings  is  a  very  important  consideration,  and  for 
this  reason  it  is  still  questionable  how  low  a  unit  will  be 
practical,  particularly  in  the  congested  part  of  the  city  where 
the  building  reflection  is  of  so  much  importance.  The 
theoretical  arguments  based  on  the  illumination  measurements 
of  lamps  in  an  open  field  will  stand  for  surburban  lighting,  but 
wilt  of  course  be  more  or  less  modified  for  city  service. 


257 

Mr.  Wirt  :  Suppose  you  have  incandescent  lights — can  you 
not  get  a  higher  lighting  value  per  square  foot  directly  on  the 
street  ?  I  think  we  should  not  lose  sight  of  the  fact  that  when 
you  go  to  small  light  units  you  place  it  in  the  power  of  the 
Welsbach  people  to  say  that  they  can  give  you  the  same  light, 
or  more,  per  candle-foot.  I  think  there  is  some  distinctive 
advantage  in  maintaining  large  light  units  ;  6.6-amperes  is  the 
minimum  that  should  be  used. 

Mr.  Ryan  :  I  am  of  the  opinion  that  a  four-ampere  lamp  is 
practical,  but  do  not  think  we  can  go  below  that.  When  I  say 
four-ampere  arc,  I  mean  four  amperes  actually  in  the  arc.  For 
series  work  with  differential  lamps  this  would  mean  about  4.4 
amperes  in  the  line — varying  between  4.3  and  4.5  amperes, 
depending  upon  the  frequency  ;  the  difference,  of  course,  being 
taken  up  in  the  shunt  coil.  I  think  we  should  not  be  far  astray 
in  placing  the  minimum  line  current  at  4.4  amperes. 

Mr.  Bean  :  Do  you  mean  from  a  financial  or  from  a  purely 
lighting  standpoint  ? 

Mr.  Ryan  :  Purely  lighting. 

Mr.  Bean  ;  There  are  a  few  of  us  who  are  looking  after  the 
financial  end  of  the  matter. 

Mr.  Ryan  :  I  leave  all  varying  points  of  local  conditions  to 
people  who  have  to  do  with  the  financial  side.  I  stated  that  my 
remarks  were  based  on  the  lighting  effect  measured  with  the 
photometer,  luminometer,  and  other  instruments.  The  financial 
considerations  would  in  many  cases,  of  course,  more  than  offset 
any  advantages  I  have  mentioned  for  small  units  from  a  purely 
lighting  point  of  view. 

Mr.  Williams  :  To  what  lamp  does  Mr.  Ryan  allude  in 
speaking  of  the  4.4  amperes  ? 

Mr.  Ryan  :  To  the  series  alternating. 

Mr.  Williams  :  There  seems  to  be  a  conflict  between  the 
paper  and  the  verbal  statements.  I  understand  the  paper  to  be 
on  the  4.4-ampere  lamp. 

Mr.  Ryan  :  The  paper  is  on  the  4.4,  5.5,  6.6  and  y.s-ampere 
series  alternating  lamps.  The  number  of  lamps  per  mile,  as 
previously  stated,  is  governed  to  a  great  extent  by  established 
location,  distances  between  cross  streets,  length  of  blocks,  and 
other  local  conditions;  nevertheless,  the  economy  and  the  illumi- 
nating value  of  the  small  units  are  well  worthy  of  consideration. 
While  with  constant  arc  voltage  the  candle-power  of  an  arc 
lamp  increases  in  proportion  somewhat  more  rapidly  than  the 
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watts,  the  lighting  distance  increases  only  as  the  square  of  the 
candle-power.  It  is  therefore  theoretically  more  economical  to 
work  with  lower-efficiency  arcs  at  short  distances  than  with  a 
high-efficiency  arc  at  a  long  distance  Of  course  these  argu- 
ments do  not  apply  to  interior  lighting,  where  distance  enters 
far  less  into  consideration. 

The  President  :  We  should  be  pleased  to  have  Mr.  Hallberg 
close  the  discussion. 

Mr.  Hallberg  :  It  is  true  that  I  did  not  recommend  the 
four-ampere  series  alternating  arc  lamp  to  the  city  of  Cincin- 
nati. The  Board  of  Legislation  of  Cincinnati  furnished  the 
specifications  for  the  lighting  of  the  streets  and  alleys  of  Cin- 
cinnati, and  these  specifications  called  for  four-ampere  inclosed- 
arc-lamps,  consuming  approximately  275  to  300  apparent  watts 
each,  preferably  of  the  series  alternating  type.  When  I  was 
called  into  consultation  the  city  had  already  awarded  the  con- 
tract for  street  lighting  to  the  Cincinnati  Gas  and  Electric 
Company,  and  I  have  been  informed  that  that  company  had 
practically  placed  their  order  for  the  apparatus.  I  could  not, 
therefore,  claim  to  be  the  originator  of  the  four-ampere  series 
alternating  inclosed-arc  street-lighting  system  so  far  as  the 
Cincinnati  installation  was  concerned,  although  i  was  probably 
one  of  the  first  in  the  business  to  appreciate  the  advantages  of 
this  system  and  to  design  suitable  apparatus  for  it.  The  four- 
ampere  series  alternating  street-lighting  system  was  new  and 
unexploited  at  the  time  the  Cincinnati  Gas  and  Electric  Com- 
pany placed  their  order  for  the  new  street-lighting  apparatus 
and  lamps,  and  considerable  credit  is  due  them  as  well  as  the 
manufacturers  of  the  apparatus  for  the  careful  and  successful 
manner  in  which  this  large  proposition  has  been  handled,  and  I 
hope  tfiat  this  convention  will  be  benefited  by  the  foregoing 
descriptions  and  explanations  of  the  Cincinnati  plant.  Mr.  Lieb 
seems  to  think  that  the  general  effect  of  the  illumination  from 
the  7.5-ampere  lamp  is  more  impressive  and  satisfactory,  and 
that  the  benefit  of  refiected  light  from  buildings  and  surround- 
ing objects  would  be  greater  with  the  7.5-ampere  system  than 
with  the  four-ampere  system.  I  believe  Mr.  Ryan  concurred 
with  Mr.  Lieb  in  this.  Regarding  this  subject  I  would  say  that 
my  experience  has  been  that  since  the  reflectors  were  removed 
from  the  Cincinnati  four-ampere  lamps,  the  benefit  of  reflected 
light  has  been  noticeable,  but  on  account  of  the  dense  atmos- 
phere and  dark  buildings  in  Cincinnati  the  benefit  of  reflected 
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light  from  buildings  is  rather  limited.  I  have  already  stated 
that  the  Cincinnati  Gas  and  Electric  Company  received  from 
the  city  $72  per  year  for  each  four-ampere  arc  lamp,  consuming 
approximately  250  actual  watts  at  the  arc.  Previous  to  the 
installation  of  four-ampere  lamps  the  city  paid  something  less 
than  $100  per  year  for  each  9.6-ampere  open-arc  lamp,  consum- 
ing approximately  490  actual  watts  at  the  arc.  At  the  present 
rate  the  lighting  company  receives  $144  for  two  four-ampere 
arc  lamps  consuming  about  50c  actual  watts  at  the  arc, 
and  I  doubt  very  much  if  the  city  would  pay  more  than  $100 
(which  was  approximately  the  price  paid  for  each  9.6-ampere 
open-arc  lamp)  for  each  7.5-ampere  inclosed-arc  lamp,  which 
would  consume  about  450  actual  watts  at  the  arc.  In  view  of 
what  I  have  already  stated,  it  seems  to  me  that  the  Cincinnati 
Gas  and  Electric  Company  have  the  best  of  the  proposition 
from  a  business  standpoint,  as  the  interest  and  depreciation  on 
the  extra  number  of  lamps,  poles,  cables  and  fixtures  required 
for  the  four-ampere  system  would  probably  cost  them  only  a 
small  part  of  the  additional  revenue  acquired  from  the  increased 
number  of  lamps  at  four  amperes.  Few  Cincinnati  citizens 
objected  to  the  removal  of  the  high-candle-power  lamps,  but, 
due  to  the  increased  number  of  lamps,  so  many  more  people 
were  satisfied,  that  the  objections  to  the  new  system  were  soon 
overcome,  and  I  believe  that  the  Cincinnati  method  of  street 
lighting  is  now  satisfactory  to  almost  everybody.  The  com- 
mercial success  of  the  apparatus  and  the  lamps  has  been  so 
satisfactory  that  the  city  has  ordered  1,200  more  of  the  same 
kind  of  lamps  installed  in  new  territory.  The  four-ampere 
system  is  a  complete  success  in  Cincinnati,  and  it  is  for  each 
individual  company  and  the  citizens  of  a  city  to  decide  whether 
or  not  they  will  adopt  a  four-ampere  lamp. 

The  Prksident  :  I  will  appoint  the  following  gentlemen  as 
a  committee  to  audit  the  accounts  of  the  treasurer  :  Mr.  Walter 
M.  Anthony,  of  Chicago  ;  Mr.  N.  F.  Brady,  of  iNew  York,  and 
Mr.  A.  P.  Lathrop,  of  St.  Paul. 

(The  meeting  then  adjourned  until  Wednesday  morning.) 
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THIRD  SESSION 

The  meeting  was  called  to  order  by  President  Ferguson  at 
a  quarter  after  ten  o'clock. 

The  President  :  Before  beginning  the  programme  I  will 
announce  the  appointment  of  the  committee  on  nominations: 
Messrs.  Samuel  Insull,  James  I.  Ayer  and  Charles  R.  Huntley. 

Secretary  Davis  announced  the  appointment  of  the  com- 
mittee on  the  president's  address,  as  follows  :  Messrs.  Henry  L. 
Doherty,  Charles  L.  Edgar  and  H.  H.  Fairbanks. 

The  President  :  Gentlemen,  we  have  with  us  this  morning 
one  who  is  so  distinguished  that  he  hardly  needs  any  introduc- 
tion. I  have  the  pleasure  of  calling  on  the  president  of  the 
American  Institute  of  Electrical  Engineers,  Mr.  Charles  F.  Scott, 
who  will  read  a  paper  entitled  **The  Young  Engineer  in  the 
Electric  Light  Plant." 


Mr.  Scott  presented  the  following  paper : 

THE    YOUNG    ENGINEER    IN    THE    ELECTRIC 

LIGHT  PLANT 


Within  the  past  dozen  years  there  have  sprung  up 
all  over  the  country  an  innumerable  number  of  central 
stations,  large  and  small,  upon  which  the  electric  lighting 
and  power  and  the  street-railway  interests  depend.  These 
systems  employ  a  great  variety  of  machinery  and  elec- 
trical apparatus,  much  of  which  is  of  types  which  have 
come  into  use  or  have  been  greatly  changed  and  de- 
veloped during  the  past  few  years.  Much  of  this 
apparatus  requires  special  or  technical  knowledge  for 
its  intelligent  care,  and  experience  is  necessary  to 
direct   properly  its  operation  as  a  system. 

What  are  the  necessities  and  the  requirements  for 
special  and  technically  trained  men  to  meet  these  new 
demands  ?  What  qualifications  should  these  men 
possess?     What  opportunities  are  open  to  them? 

Men  who  are  operating  stations  have  received  their 
training  in  one  or  two  schools,  either  the  school  of 
experience  pure  and  simple,  or  the  technical  school, 
often  supplemented  by  experience.  In  the  past  dozen 
years  a  very  great  change  has  taken  place  in  technical 
graduates,  both  as  to  quantity  and  quality.  There  is 
also  a  change  in  the  estimate  of  their  value  in  practi- 
cal work.  The  manufacturing  companies  have  been  in 
advance  of  the  operating  companies  in  appreciating 
their  value  and  utilizing  their  services.  I  can  easily 
recall  the  time  when  a  college  education  was  counted 
rather  against  the  man  who  applied  for  work  with  a 
manufacturing  company.     Now  the  output  of  the  dec- 
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trical  courses  of  our  technical  schools  and  colleges  is 
not  equal  to  the  demand. 

The  Position  of  the  Local  Company — An  operating 
company  should  certainly  have  at  hand  men  who 
understand  the  apparatus  which  it  uses  and  who  are 
competent  to  direct  its  operation.  Not  only  this ; 
they  should  have  the  technical  and  the  general  knowl- 
edge which  will  enable  them  to  take  a  broad  view  of 
their  work.  They  may  get  certain  results ;  these 
results  may  be  considered  satisfactory,  but  they  should 
know  how  much  better  the  results  tnight  be  and  what 
to  do  to  secure  such  results.  If  the  entire  direction 
of  a  local  company  is  in  the  hands  of  men  who  have 
grown  up  with  the  business,  there  is  danger  that  things 
may  get  into  a  rut  and  continue  there. 

A  central-station  property  should  have  good  tech- 
nical supervision  and  direction.  Its  manager  should 
preferably  be  a  man  of  general  engineering  knowledge 
and  breadth ;  he  should  be  a  man  who  has  come  up 
through  the  ranks,  so  that  in  his  executive  capacity  in 
directing  work  and  directing  men  he  has  of  his  own 
knowledge  a  definite  conception  of  what  he  is  dealing 
with.  It  is  not  enough  for  an  operating  company  to 
have  a  man  who  knows  only  how  to  run  certain 
machines.  That  may  do  for  the  attendant  in  a  sub- 
station or  for  a  dynamo  man,  but  something  more 
than  that  is  needed  in  the  man  who  is  to  direct  the 
policy  and  the  development  of  a  system. 

There  is  apt  to  be  a  false  tendency  to  economize 
which  rates  brains  too  cheaply  and  fails  to  recognize 
and  to  advance  the  intelligent  young  man.  Local 
companies  should  appreciate  the  value  of  a  good  man 
who  can  check  up  things  generally,  who  can  keep 
systematic  records  of  operation  and  see  that  his  appa- 
ratus   and    his    methods    are    up-to-date.     They    should 


understand  that  this  is  the  kind  of  service  for  whi) 
they  should  pay  and  that  it  is  a  most  valuable  invei 
ment.     A  high   salary  to  a  good   man    is  soon  repaii 

Instances    readily   occur   to   those    acquainted   wil 
central  stations  in  which  the  lack  of  proper  knowledge' 
has  been  very  expensive.     In    discussing   the   value  of 
intelligent    men    in    a   central   station,    a   gentleman    of 
wide  experience  cited  this  case :    Gas  engines  had  bi 
installed  in  a  certain    plant    and    had    operated   satisfi 
torily  for  a  very  considerable  time.     The  young  college 
man    who    was    in    charge    was    not    advanced    by   the 
company,  so  he  advanced    himself  by  going   elsewhere. 
The   gas   engines   fell    into    the    hands   of   an    old-tii 
engineer,  and    it    was    not    many    months    before    tl 
were  relegated  to  the  scrap  heap. 

Another  gentleman    called  my  attention  to  a  pi; 
which  had  gone  from  bad  to  worse.     Its   poor   servi< 
had  encouraged   competition,  and   it   had    passed  from 
the   hands  of   its   original    owners   at    a   sacrifice.     The 
direct  cause  was  the  bad  service  given  by  the  dynamo, 
which  had  repeatedly  burned  out.     It  further  appeared 
that  the  difficulties  with  the  dynamo,  the   service    and 
the  company  itself  all  followed  from  an  impro[)er  coi 
nection  between  the  dynamo  and  the  circuits  by  whii 
the  dynamo  operated  under  abnormal  conditions. 

In  a  certain  lighting  plant,  which  has  been  runnii 
along    with    fairly    satisfactory    results,    the    helm 
taken  by    an    energetic    college    man.      He  investigati 
transformer    losses ;    he    investigated    meter    operation, 
He  finally  overruled  the    apathy    of    his    directors,  and 
replaced  transformers  and  replaced  meters.      During  the 
July  following  the  change,  the  energy  registered  by  the 
meters  was  45    per    cent    more    than    in  the  precedii 
July,  although  the    energy    generated    was    15  per 
less.     Before  ihe  change,  the  average  for  a  year  show 
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over  three  kilowatts  generated  for  each  kilowatt  sold, 
while,  for  a  year  following  the  change,  the  kilowatts 
generated  were   1.52  for  each  kilowatt  sold. 

Qualifications  Necessary  in  the  Engineer — The 
central-station  system  is  not  a  simple  one.  All  of  its 
elements  have  been  developed  by  experts,  and  some 
knowledge  of  their  design,  construction  and  operation 
should  be  possessed  by  the  man  who  is  placed  in 
charge  of  them.  Let  us  consider  for  a  moment  the 
many  elements  which  enter  into  such  a  plant. 
There  are  boilers  and  engines  with  their  accessories, 
there  are  dynamos  and  exciters,  there  arc  switch- 
boards with  switches  and  safety  devices,  and  in- 
dicating and  measuring  instruments ;  there  are  pole 
lines  and  underground  cables,  therfe  are  lightning 
arresters,  transformers,  meters  and  lamps,  including  in- 
candescent, arc  and  Nernst;  sometimes  there  are  rotary 
converters  and  storage  batteries,  and  there  are  motors 
of  one  type  or  another  applied  to  various  kinds  of 
service.  It  is  appalling  to  contemplate  all  the  things 
which  the  engineer  should  know.  He  not  only  needs 
to  be  a  steam  engineer,  an  electrical  engineer,  and  an 
all-around  electrician,  but  in  many  cases  he  may  have 
to  do  with  hydrauhcs  and  with  gas.  Whether  his 
company  is  in  competition  with  a  gas  company,  or 
whether  it  is  operating  a  gas  company,  or  whether 
it  uses  gas  engines,  its  engineer  needs  to  be  something 
of  a  gas  engineer.  He  needs  to  know  something  of 
illumination  in  order  to  indicate  the  kind  of  Ughting 
and  the  amount  and  arrangements  best  suited  to 
specific  places.  He  needs  to  know  what  can  be  done 
with  electric  motors,  His  knowledge  must  extend 
beyond  the  motor  itself ;  he  should  be  able  not  only 
to  advise  prospective  customers  as  to  the  kind  of 
motor  to  use  and  how    to   apply   it,  but    he  should  be 


on  the  lookout  to  advise  ways  and  means  of  creating" 
a  market  for  power,  and  thus  to  increase  the  out- 
put and  the  load  factor  of  his  station. 

It  is  obvious  that  the  ideal  engineer,  completely 
developed  in  all  the  lines  of  his  possible  activity,  is  a 
scarce  article.  Intelligent  experienced  men  are  rare, 
and  they  command  a  higher  price  than  the  ordinary 
station  will  pay.  The  type  of  man  for  the  average 
central  station  is  the  young  man  who  has  a  good 
foundation  and  has  the  power  to  develop.  The  man 
who  has  a  good,  active  mind  and  a  sound  theoretical 
basis,  with  even  a  small  measure  of  practical  experi- 
ence, is  capable  of  dealing  with  new  questions  in  an 
intelligent  way.  One  of  the  differences  between  the 
old-time  practical  man  and  the  young  educated  engineer 
is  that  the  former  is  capable  simply  of  doing  over  and 
over  what  he  has  done  before,  while  the  young  man 
has  a  power  which  enables  him  to  take  up  new  prob- 
lems in  a  definite,  intelligent  way.  He  must  be  alert 
and  resourceful,  but  not  too  inventive.  There  is  a 
type  of  originality  of  the  topsy-turvy  sort,  not  tem- 
pered by  knowledge  and  judgment,  which  is  as  dan- 
gerous in  the  central  station  as  it  is  elsewhere.  He 
must  be  able  to  use  the  means  at  hand,  to  adapt 
standards  to  particular  requirements  rather  than  to  de- 
mand that  which  is  special.  While  a  broad  college 
education  or  a  purely  technical  training  is  of  great 
value,  they  are  not  the  necessary  and  the  sufficient 
qualities  of  the  engineer.  The  essential  thing  is 
the  man  himself,  his  native  ability  and  his  power 
of  development  and  of  adapting  himself  to  his  sur- 
roundings and  his  work.  He  must  have  tact  and  a 
large  measure  of  horse-sense.  He  must  be  able  to 
deal  with  men  as  well  as  with  things.  The  man  who  has 
these  qualifications   may  overcome  his  handicap  in  not 
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having  the  special  education,  although  that  education 
is  usually  of  the  greatest  value.  We  will  probably 
find,  if  we  examine  the  ranks  of  the  successful  station 
engineers,  that  as  a  rule  they  are  technically  trained 
men  who  have  had  their  first  years  of  practical  train- 
ing in  a  manufacturing  company.  It  is  a  mistake  for 
a  graduate  to  take  office  work  at  once.  He  needs 
practical  work,  with  overalls  and  grease  and  dirt.  The 
apprenticeship  courses  afforded  bv  the  large  manufac- 
turing companies  are  in  effect  posl-graduate  courses  in 
practical  engineering.  A  few  years'  experience  of  this 
kind  gives  the  young  man  a  wider  knowledge  and 
experience  with  apparatus  than  he  can  obtain  in  the 
average  station,  and  it  therefore  gives  him  a  broad 
basis  on  which  to  build.  The  man  who  goes  into 
station  work  without  a  technical  education,  or  who 
goes  directly  from  school  to  a  station,  is  apt  to  become 
narrow  and  lo  get  into  ruts,  unless  he  has  exceptional 
ability  and  energy.  Are  there  not  men  of  fair  ability 
in  central-station  work  who  seem  to  grow  narrower 
and  smaller  year  by  year  ?  A  young  man  in  the 
employ  of  a  company  in  the  far  West  made  it  his 
business  to  go  East  each  year  at  his  own  expense  in 
order  to  see  the  latest  electrical  developments,  A 
friend  who  was  tending  d)Tiamos  remonstrated  on 
account  of  the  large  expense  which  he  was  incurring. 
The  young  man,  however,  found  that  after  each  of 
several  trips  East  his  salary  was  raised,  and  that  the 
increase  soon  covered  the  expense  of  the  trip.  His 
adviser  still  has  the  same  job. 

Opport  unities  Open  to  Young  Engineers— The 
central  station  has  taken  an  important  place  in  modem 
affairs,  and  the  rate  of  development  and  extension 
which  has  been  going  on  constantly  for  many  years 
promises    to    continue.       The    variety    of     engineering 
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work  involved  aflfords  unusual  opportunities  for  en- 
gineering ability  There  is  no  longer  simply  the 
problem  of  making  things  run,  but  questions  of 
efficiency  and  economy  are  assuming  new  importance. 
In  connection  with  station  management  there  are 
demands  for  ability  in  other  lines  which  a  man 
with  engineering  instinct  and  abilities  is  often  well 
qualified  to  meet.  There  is  executive  administration 
in  the  company  itself;  there  are  commercial  dealings 
looking  toward  expansion  of  the  company,  many  of 
which  can  be  best  handled  by  the  man  who  is 
technically  familiar  with  the  plant  from  an  engineering 
standpoint,  and  who  has  engineering  training,  combined 
with  tact  and  good  judgment.  Experience  in  a  small 
station  should  qualify  a  man  for  usefulness  in  a  larger 
station  or  for  general  engineering  work.  A  man  who 
has  charge  of  a  small  plant  has  opportunities  for 
broader  development  than  the  man  who  is  a  small 
part  of  a  large  organization.  In  the  former  he  has 
responsibilities  in  a  wide  field.  In  the  latter  his  duties 
are  usually   restricted   within   a   limited   range. 

The  young  man  who  intends  to  make  a  success 
of  himself  as  a  central-station  engineer  must  be  wide- 
awake, studious  and  progressive.  He  should  not  only 
know  his  own  plant,  but  he  should  know  what  others 
are  doing,  what  methods  they  use  and  what  results 
they  obtain.  He,  in  turn,  should  contribute  from  his 
experience  for  their  information  and  assistance.  It  is 
not  enough  to  know  one's  own  troubles — he  needs  to 
know  how  others  overcome  their  troubles^  for  he 
may  soon  have  need  of  the  same  remedies.  He 
should  be  in  close  touch  with  electrical  engineers  and 
electrical  work.  He  should  take  part  in  local  en- 
gineering societies  ;  he  should  learn  to  state  his  ideas 
and  to  impress  them  upon  others.     He  should  learn  to 
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think  on  his  feet.  He  should  be  in  touch  with  the 
active  and  the  progressive  element  in  his  profession. 
Meetings  of  associations  such  as  this  one  of  the 
National  Electric  Light  Association  afiford  great  op- 
portunities. Young  men  will  do  well  to  join  the 
American  Institute  of  Electrical  Engineers,  and  get  in 
touch  with  its  men  and  its  work. 

Several  years  ago  a  young  man  in  the  employ  of 
a  railway  company  asked  permission  of  the  manager 
to  attend  at  his  own  expense  a  meeting  of  the  Street 
Railway  Association.  The  permission  was  granted. 
The  manager  himself  decided  to  go  also,  and  was 
joined  by  two  other  officers.  When  they  returned,  it 
was  agreed  that  they  had  all  had  a  profitable  time,  and 
the  young  man  was  asked  to  hand  in  his  expense 
account,  which  was  paid  by  the  company.  This  incident 
is  full  of  suggestion,  not  only  to  other  young  men,  but 
to  other  companies. 

I  want  to  emphasize  again  a  point  which  I  have 
brought  out  a  number  of  times  recently,  namely,  the 
great  work  and  the  great  responsibilities  which  rest 
upon  the  electrical  profession.  The  vast  interests  and 
the  enormous  capital  which  are  dependent  upon  the 
central  station  have  been  developed  within  a  very 
brief  space  of  time,  and  have  shown  a  wonderful 
activity  in  the  evolution  of  apparatus  and  methods  and 
systems  which  were  entirely  unknown  when  many  of 
those  present  entered  the  electrical  field.  The  rate  of 
increase  is  rapid,  more  men  are  needed,  more  men  will 
be  needed,  and  it  should  be  the  endeavor  of  the 
National  Electric  Light  Association  as  a  whole,  and 
of  its  constituent  companies  as  individuals,  to  do  all 
they  can  to  promote  the  development  of  the  best 
apparatus,  the  best  methods  and  the  best  men. 


The  President:  Gentlemen,  you  have  heard  ihe  able  and 
interesting  paper  of  Mr.  Scoil ;  it  is  now  open  for  discussion. 
I  suppose  Mr.  Scott  has  covered  the  field  so  thoroughly  thai 
there  is  hardly  anything  more  to  say  ;  but  if  any  one  here 
would  like  to  discuss  the  paper  we  should  be  glad  to  hear  from 
him. 

Mr.  VV.  B,  Jackson  (Madison.  Wis.)  :  1  should  like  to  say  a 
few  words  in  connection  with  the  paper  Mr.  Scott  has  just  read 
and  lo  present  a  phase  of  the  subject  that  I  ihink  is  very  apt  at 
the  present  lime,  T  think  I  can  speak  from  the  standpoint  of 
one  of  ihe  younger  engineers,  and  fully  emphasize  everything 
Mr.  Scott  lias  said  in  his  paper.  There  is  one  point  that 
impressed  me  especially,  which  was  brought  out  very  beautifully 
in  the  paper,  and  that  is  the  necessity  of  a  broad  knowledge  on 
the  part  of  the  electrical  engineer.  As  has  been  said  by  the 
writer  of  the  paper,  the  electrical  engineer  can  not  be  simply  an 
electrical  engineer;  he  must  be  an  electrical  engineer,  he  must 
be  a  mechanical  engineer — at  least  must  have  all  the  broad 
principles  of  a  mechanical  engineer — and  in  the  present  day  he 
should  go  one  step  larther  and  have  a  general  knowledge  of 
hydraulics,  which  is  becoming  so  imporlant  a  factor  in  electrical 
engineering  work. 

To  come  to  ihe  young  engineer  more  particularly,  the  point 
was  brought  out  that  the  young  engineer  must  know  what  over- 
alls and  grease  and  dirt  are  ;  but  we  should  go  one  step  farther 
and  bear  in  mind  that  the  young  engineer  who  goes  into  the 
dirt  with  his  overalls  and  comes  out  and  allows  that  dirt  lo 
remain  upon  him,  loses  his  position  :  he  drops  back  into  thai  of 
a  mechanic,  or  dynamo  lender,  or  engine  tender,  it  is  the 
young  engineer  that,  as  has  been  said, 
jump  into  the  work  when  necessary,  gel  hin 
10  foot  and  come  out  of  the  dirt  as  t 
man  as  though  he  had  never  been  in  i 
ing  one — he  is  the  man  who  will  be  si 
station  is  willing  to  follow  such  a  mar 
earth,  and  such  a  man  as  that  makes 
every  man  for  whom  he  is  working, 

I  have  never  been    connected    wi 
engineers,  but  have  been  intimately  interested  i 
I  have  been  impressed  and  pleased   wit 
that  are  being  made,  by  at  least  some  of  those  who  are  training 
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the  young  engineers,  in  teaching  the  man  the  necessity  of  being 
a  man.  and  a  well-rounded  man,  as  well  as  simply  being  an 
electrician.  The  man  who  is  complete,  who  has  knowledge  of 
electrical  engineering,  has  knowledge  of  the  general  principles 
of  mechanical,  civil  and  hydraulic  engineering,  and  has  the 
manly  qualities  also,  presenis  the  diffeience  between  what  we 
may  call  an  electrical  engineer,  truly,  and  the  man  whom  we 
shall  have  to  call  an  electrical  mechanic.  The  fact  that  not  so 
very  many  years  ago  a  man  who  knew  a  little  of  engineering  and 
a  Ittlle  of  electrical  work  made  an  excellent  person  to  lake 
charge  of  an  electric  plant,  does  not  appear  in  the  least  at  the 
present  day,  and  that  is  the  reason  why  we  should  so  fully 
appreciate  this  paper  that  has  been  read  before  us  this  morning. 

The   Prksident:    We  should    be  glad   to  hear  from   some 
others  on  this  subject. 

Mr.  GiLCHKrsr;  I  believe  that  the  young  man  who  wishes 
to  make  progress  in  the  central-station  business  to-day  should 
be  very  careful  to  see  that  he  has  a  very  broad  grasp  of  the 
business.  Especially  in  the  smaller  companies,  a  man  of  the 
•  ciass  that  Mr,  Scott  describes  and  wishes  to  have  developed  is 
likely  at  a  very  early  period  in  his  career  to  be  in  an  important 
position  in  the  company,  both  as  regards  the  purely  business 
end  and  also  the  engineering  end.  I  think  that,  so  far  as  I  have 
been  able  to  judge,  the  engineering  schools  that  are  preparing 
men  to  take  positions  in  central-station  companies  should  give 
more  prominence  to  the  business  end  :  contracting,  account- 
ing, the  invested  capital,  the  basis  on  which  the  companies  are 
formed,  and  the  proper  charging  of  all  investment  costs  as 
against  operating  costs,  to  enable  the  young  manager  to  deter- 
mine what  the  property  is  doing  and  whether  or  not  it  is  doing 
as  it  should.  I  think  there  is  a  tendency  on  the  part  of  the 
technically  educated  young  man  rather  to  ignore  these  ends  of 
the  business,  feeling  that  the  all-absorbing  part  is  the  mechan- 
ical and  electrical  part.  We  will  grant  that  it  is  very  important 
and  that  the  engineering  work  demands  a  class  of  education 
that  can  not  be  picked  up,  can  not  be  obtained  practically,  but 
must  be  acquired  in  a  technical  school,  whereas  the  business 
end  may  be  picked  up  ;  but  preparation  to  handle  the  business 
end  should  not  be  ignored,  because  that  is  certainly  as  important 
as  the  other. 

r :  The  remarks  of  Messrs.  Jackson  and  Gil- 
christ are  very  appropriate,  and  we  should  like  to  hear  from 
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some  uther  business  men  on  Lhis  subject,  giving  us  the  business 
man's  idea  of  the  young  engineer  in  the  electric-Iighl  pianc 
Wili  Mr.  Charles  E.  Hay,  of  Springfield,  111,,  give  us  his  views? 

Mr.  Hay  :  I  did  not  hear  the  paper,  and  am  very  sorry  ihat 
I  did  not ;  but  in  a  general  way  I  think  it  important  to  have  the 
young  engineer  qualify  fully  to  meet  all  the  requirements  of 
his  position,  just  as  it  is  important  to  have  the  rim  of  the  wheel 
strong  enough  to  carry  the  load.  In  my  opinion,  it  is  important 
for  the  success  of  any  electric-lighting  plant  to  have  the  mechan- 
ical engineer,  as  well  as  the  electrical  engineer,  well  trained. 

The  President  :  Mr.  Aver  has  had  considerable  experience 
in  all  branches  of  the  business,  in  the  technical  and  the  purely 
business  side,  and  we  should  like  to  hear  from  him. 

Mr,  Jam£S  1.  Aver  (Boston)  ;  Mr.  President  and  gentlemen: 
I  do  not  know  that  any  extended  remarks  can  be  made  on  the 
subject  without  covering  much  of  the  ground  that  has  already 
been  traversed.  1  think  that  as  central-station  men  we  all 
appreciate  the  value  of  the  engineer.  We  also  appreciate  the 
value  of  thoroughness  in  a'l  the  various  branches  of  engineer- 
ing.  as  wel!  as  in  the  electrical  ;  but  it  has  been  quite  a  con-  " 
spicuous  thing.  I  think,  to  most  employers,  that  all  we  hoped 
for  from  our  technical  schools  has  not  developed.  A  number  of 
companies  have  had  occasion  to  undertake  to  break  in  the 
young  engineer  and  they  have  had  many  disappointments,  due 
to  the  wrong  idea  with  which  the  graduates  have  viewed  the 
situation.  They  like  to  graduate  from  the  school  into  an  office, 
into  an  engineer's  office;  into  the  office  end  of  the  business 
rather  than  into  the  mechanical  end.  the  really  practical  end.  I 
think  most  of  us  realize  that  the  engineer's  training  has  only 
he  leaves  college.  He  has  had  a  fine  prep- 
to  be  an  engineer,  but  for  the  practical  side 
actual  mechanical  work,  coming  in  contact 
gs  themselves— he  should  have  four  or  live 
the  mechanical  part  of  the  business,  during 
uld  disregard  in  a  large  measure  the  fact  that 
ingineer.  and  should  go  to  work  as  a 
mechanical  man  to  learn  mechanics  practically;  to  learn  bis 
trade,  in  a  word,  and  to  acquire  what  will  prove  lo  be  the  most 
valuable  part  of  his  education.  He  will  then  be  fitted  to 
become  an  engineer,  and  if  he  is  a  man  of  average  ability  he 
will  show  up  with  something  more  than  average  ability  Ja  his 
k,  as  compared  with  the  engineer  who  leaves  college 
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nd  gets  such  knowledge. 
L  and  should  be  emphasized, 
because  it  is  within  lo  years — hardly  longer  — that  the  college 
has  graduated  electrical  engineers,  and,  in  fact,  to  any  extent 
mechanical  engineers,  and  the  necessities  of  the  situation  are 
not  fully  recognized  by  many,  I  am  sure  that  in  saying  this  I 
only  reiterate  the  e.\perience  of  most  of  the  gentlemen  in  this 
audience.  The  young  engineer  does  not  appreciate  it  in  that 
way,  I  have  employed  a  dozen  graduates,  have  tried  some  for 
a  year  and  some  for  two  years,  and  have  been  unable  to  get 
results  that  were  satisfactory  lo  me,  and  it  has  been  a  great 
disappointment,  simply  because  they  began  at  the  wrong  end. 
They  wanted  lo  start  in  the  office,  and  that  is  not  the  place. 

Mr,  Lieb  :  The  paper  presented  by  Mr.  Scott  is  hardly  one 
that  admits  of  a  general  discussion  as  to  the  proper  education 
of  the  electrical  engineer,  but  I  should  like  to  say  just  one  word 
on  this  subject,  very  briefly  referred  to  in  Mr.  Scott's  paper.  I 
believe  that  the  proper  course  to  follow  lo  develop  the  electrical 
engineer  who  shall  be  fitted  to  assume  the  responsibility  of  the 
technical  direction  of  the  electrical  enterprises  of  to-day,  is  first 
to  develop  the  engineer — the  mechanical  engineer — then  add 
d  of  the  electrical  engineer.  The 
s  they  are  organized  lo-day.  are  apt 
not  electrical  engineers  ;  and  when 
■s,  soon  after  graduation,  are  called 
ineering  problems,  they  are  seriously 
;ient  grounding  in  the  general  prin- 
ineering  science.  The  proper  course 
of  the  electrical  engineer  is  to  give 
1  mechanical  engineering,  with  some 
electrical  work  incidental  to  the  course,  and  then  superimpose 
upon  that  one  year  of  specialization  in  electrical  engineering. 
One  of  the  gentlemen  has  referred  to  the  desirability  of  broader 
aims  on  the  part  of  the  engineer.  This  is  extremely  important, 
and  it  is  a  matter  in  which  the  engineer  is  apt  to  be  open  to 
criticism;  he  looks  upon  the  problems  that  are  presented  to 
him  from  time  to  time  from  loo  narrow,  too  technical,  a  point  of 
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view,  leaving  aside  the 
problem  may  present. 

I  think,  also,  that  what  is  perhaps  n 
ure  in  the  product  available  to  enterprisi 
assistance  is  a  stronger  infusion  of  ci 
could  be  established  a  chair  of  common 
some  tine  technical  schools,  the  incunn 
field  for  cultivation. 

Another  point  that  Mr.  Scott  has  touched  upon  is  the  defi- 
ciency of  the  young  engineer  in  being  able  to  present  his  ideas 
properly  in  a  ciear,  concise  form,  so  as  to  convince  his  principals 
of  the  strength  and  coeency  of  the  views  that  he  presents. 
There  is  nothing  that  places  the  young  engineer  at  so  great  a 
disadvantage  as  a  half-digested,  loosely-phrased  report,  lacking 
in  clearness  and  conciseness.  It  should  be  ihe  aim  of  the  young 
engineer  specially  to  qualify  himself  to  make  a  strong  presenta- 
tion of  the  subject  of  his  reports,  so  as  to  impress  his  superiors 
with  the  reasons  for  the  faith  thai  is  in  him. 

Professor  H.  E.  Clifford  (Boston).  As  one  who  has  been 
for  a  number  of  years  connected  with  the  training  of  young 
ring  profession,  I  have  been  much 
jning  to  the  expressions  of  opinion 
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interested  this  morning  in  li 
on  the  proper  training  for 
would  be  of  the  greatest  a. 
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Kpression  of  opinion  as  to 


electrical  engineer.  I  think  it 
Uage  to  us  who  are  teaching  in 
untry  if  we  could,  from  lime  lo 
organizations  of  this  character 
needs  ;  as  lo  ihe  failings, 
as  to  the  deficiencies,  of  the  young  men  who  graduate  from  our 
lechnical  institutions  and  who  go  oui  to  do  your  work.  I  have 
been  looking  for  a  great  many  years  for  such  an  expression  of 
opinion,  and  I  must  say,  with  a  good  deal  of  regret,  that  it  has 
nol  yet  come  to  me.  Ii  is  easy  to  criticize  the  finished  product, 
but  what  we  want  to  know  is  the  reason  why  that  Tmished 
product  is  unsatisfactory,  so  that  we  may  be  able  to  apply  the 
correction  in  the  making  of  the  product  itself.  We  want  to 
know,  while  we  are  training  our  students,  what  they  are  going 
to  need  when  they  go  out  into  ihe  world,  and  the  only  way  in 
which  we  can  discover  it  is  for  some  of  us  to  come  to  conventions 
of  this  kind,  or  for  you  to  take  up  the  matter  and  express 
in  formal  shape  your  conviction  as  to  what  our  technical 
graduates  need. 

I  was  much  interested  in  what  Mr.  Lieb  had   to  offer  in 
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regard  to  a  sound  foundation  in  mechanical  en 
electrical  engineer.  I  heartily  concur  in  his  o 
precisely  that  sound  foundation  that  we  try  to 
(he  Massachuseiis  Institute  of  Technology.  I 
he  has  to  say  in  regard  to  the  chair  of  commc 
inclined  to  think  that  ( 
made.  It  is  very  diftic 
who  does  not  possess  it 

You  must  appreciate  that  in  any  electrical  engineering 
training  the  subjects  that  are  given  are  selective.  In  the  brief 
four  years  that  are  devoted  in  most  technical  schools  to  the 
preparation  of  an  electrical  engineer,  so  far  as  his  foundation 
work  is  concerned,  there  is  such  a  vast  amount  of  material  thai 
must  be  touched  upon,  and  this  in  ever-increasing  quantity, 
that  it  becomes  the  province  of  the  governing  body  of  the 
iciSiitutions  of  learning  to  decide  on  just  the  things  that,  in  this 
brief  time,  will  best  conduce  to  the  future  success  of  the  men 
who  graduate.  It  is  for  this  reason  that  I  say  again  that  I  wish 
we  might  have  some  expression  from  time  to  time  from  the 
National  Electric  Light  Association  as  to  what  its  members 
have  found  lacking  in  the  graduates  from  the  technical  schools 
of  the  country,  lo  enable  them  lo  carry  on  their  work  successfully. 

With  regard  to  the  remarks  of  Mr,  Ayer,  I  think  ihere  is  a 
better  attitude  among  students  as  to  beginning  on  the  mechan- 
ical rather  than  the  office  side  of  electrical  work  after  gradua- 
tion. I  am  inclined  to  think,  so  far  as  the  students  with  whom 
I  am  brought  in  contact  are  concerned,  that  it  is  due  to  the 
influence  of  the  alumni  in  sending  back  to  us.  as  they  do 
occasionally,  an  account  of  their  own  experience  and  of  the 
things  that  would  have  made  for  success  in  the  particular  work 
that  they  are  following.  But  1  think  you  must  all  agree  that  if 
we  could  have  the  opinion  from  a  body  of  men  who  are  actively 
interested  in  the  development  of  the  electrical  interest  of  the 
country,  as  are  the  members  of  this  association,  as  to  what 
qualifications  are  expected  in  the  graduates,  we  as  teachers 
should  be  in  a  much  better,  a  much  sounder  and  a  much 
happier  position  in  our  attempt  at  forming  the  successful 
technical  graduate. 

Mr,  W,  P,  Engel  (Defiance,  O.)  :  I  will  take  only  a  few 
moments.  We  know  of  cases  where  young  men  have  started 
out  as  dynamo  tenders  and  have  become  firemen  and  engineers 
without  technical  knowledge.     They  ha' 
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way  They  have  been  able  to  keep  the  plant  going  successfully 
financially.  They  have  gone  from  the  posiiion  of  engineer  to 
thai  of  superintendent,  and  finally  lo  the  ownership  of  a  plant. 
When  a  young  engineer  takes  charge  of  a  plant,  he  is  very  apt 
lo  inirodiice  new  things  at  once.  This  is  a  serious  objection  lo 
many  young  engineers.  In  my  experience  during  the  past  five 
years  I  have  hired  six  technical  men  at  salaries  of  from  S'^S  to 
$150,  given  them  full  charge  of  the  plant,  given  them  three 
months  to  study  it  before  they  should  propose  any  changes — as 
invariably  every  one  of  them  did^and  among  them  I  have  found 
but  one  who  said,  "  I  have  been  through  college,  but  know  very 
little  about  practical  work,  and  should  like  to  git  into  the  plant 
to  get  familiar  with  all  details,  and  begin  as  a  dynamo  lender." 
That  man  remained  with  me,  and  within  six  days  he  said.  "I 
think  I  can  get  along  wilh  what  you  have  for  the  present,  and 
we  will  make  as  few  changes  as  possible."  Thai  is  one  of  the 
points  to  be  looked  into.  The  young  engineer  coming  out  of 
college  invariably  wants  to  do  his  business  from  his  oflSce  ;  he 
expects  superintendents,  to  whom  he  will  give  orders,  and  then 
have  the  assistants  of  the  superintendents  do  ihe  work.  That 
kind  of  man  is  not  successful. 

Mr.  H.  F.  Peck  :  There  are  other  points  of  value  to  the  young 
electrical  engineer  outside  of  his  technical  training,  especially  to 
one  that  expects  lo  supervise  a  small  central  station  t  Kirsi — 
application,  A  young  engineer  should  be  willing  to  apply  him- 
self at  all  times  to  his  work,  and  in  case  of  necessity  be  willing 
to  jump  into  the  breach,  even  to  the  sacritice  of  his  personal  and 
social  engagements.  Second — Diplomacy  is  a  very  great  (actor  ; 
and  one  of  the  first  questions  generally  asked  when  securing  the 
services  of  a  young  engineer  is  '■  Can  he  handle  men  wilh  tact  ? " 
With  these  qualifications  and  a  good  technical  training,  he  will 
certainly  make  a  very  valuable  man  lo  any  electric-lighting 
company, 

Mr.  Austin  Burt  (Waterloo,  la.):  I  think  it  is  important 
that  the  college  graduate,  when  he  goes  out  of  school,  should 
bear  in  mind  that  he  should  not  imagine  he  knows  it  all.  The 
man  that  has  had  practical  experience  knows  more  about  the 
cvery^day  operation  of  the  plants  than  does  the  college  graduate, 
and  the  latter  will  gain  jiractical  experience  much  sooner  if  he 
will  assume  the  attitude  toward  the  practical  man  that,  although 
he  is  a  college  graduate,  he  really  does  not  know  as  much  prac 
tically  as  the  man  ihat  has  had  the  experience.     In  this  way  ihc 
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college  graduate  will  Jearn  more  and  get  in  better  touch  with 
affairs  than  if  he  started  in  the  other  way.  I  am  a  graduate  of 
Cornell  University,  and  can  say,  from  my  knowledge  of  inside 
and  outside  work,  that  a  sound  technical  training,  backed  up 
with  a  liberal  supply  of  good,  hard,  practical  experience,  is  the 
surest  road  to  a  successful  engineering  career.  My  technical 
training  at  school  enabled  me  to  learn  faster  and  to  get  hold  of 
the  cause  of  trouble  quicker  than  I  could  had  I  not  enjoyed  the 
benefit  of  such  training,  but  I  have  found,  too,  that  the  unlet- 
tered practical  man  could  do  things  and  was  always  glad  to  show 
me  all  he  knew  if  I  could  ojily  get  on  the  right  side  of  him. 
There  is  no  surer  way  to  lose  this  advantage  than  to  try  to  make 
him  think  you  know  it  all.  After  all,  he  may  have  worked  just 
as  hard  as  you  for  what  he  has  and  he  should  be  respected  for 
it.  Personally,  I  feel  like  taking  such  a  man  by  the  hand  and 
thanking  him  for  saving  me  many  of  the  hard  knocks  he 
has  had. 

Professor  W.  L.  Robb  (Troy,  N.  Y.):  One  thing  that  has 
attracted  my  attention  in  the  discussion  is  the  fact  that  nearly 
all  the  speakers  from  the  central-station  standpoint  paid  a  com- 
pliment to  the  technical  schools,  but  they  all  seem  to  expect 
perfection  in  the  young  graduate  of  twenty-one.  You  can  not 
properly  expect  that.  If  you  take  a  man  fresh  from  a  technical 
school  you  can  not  expect  any  more  from  him  than  the  hospital 
authorities  expect  from  a  young  graduate  of  a  medical  school. 
It  is  only  after  years  of  experience  that  the  graduate  becomes 
an  engineer,  as  only  after  years  of  experience  and  practice  a 
graduate  of  a  medical  school  or  law  school  becomes  a  physician, 
in  the  true  sense,  or  a  broad  lawyer.  You  can  not  get  broad- 
minded  engineers  in  young  men  of  twenty-one  or  twenty-two 
years  of  age.  I  agree  in  everything  Mr.  Lieb  said  about  early 
specialization  ;  but  I  think  technical-school  graduates  ought, 
first  of  all,  to  be  engineers^  and  after  labor  and  practical  experi- 
ence become  electrical,  mechanical  or  civil  engineers.  Certainly 
any  electrical  engineer  should  have  broad  foundation,  not  only 
in  mechanical  and  electrical  engineering,  but  in  civil  engineer- 
ing. Some  of  the  first  problems  with  which  he  will  come  in 
contact,  in  passing  upon  the  design  of  structures,  strength  of 
materials,  etc.,  are  problems  that  apply  particularly  to  the 
department  of  civil  engineering. 

A  thing  that  has  pleased  me  very  much  in  recent  years  is 
the   tendency   of   the    different    engineering    societies    to    get 


togeiher,  and  I  hope  thai  objeci  will  soon  be  realized  in  ihe 
Union  Engineering  Building,  in  New  York  cily.  It  seems  lo 
me,  in  thinking  over  the  subject,  that  the  reason  why  the 
general  public  has  not  recognized  engineering  as  one  of  the 
learned  professjons  is  that  there  arc  too  many  kinds  of  engineer- 
ing—civil, mechanical,  plumbing,  and  other  kinds  of  engineer- 
ing. I  do  not  believe  we  should  have  the  same  respect  for  the 
medical  profession  or  the  legal  profession  if  a  physician  were 
first  an  eye  doctor,  or  ear  doctor,  or  lung  doctor.  He  is  first  of 
all  a  doctor,  and  after  that  he  comes  to  be  a  specialist.  He 
refers  lo  himself  as  a  physician — not  as  an  eye  or  a  lung  doctor. 
The  same  is  true  of  lawyers.  A  man  is  first  of  all  a  lawyer,  and 
if  he  attains  distinction  in  any  particular  branch  of  the  law  he 
becomes  a  patent  lawyer,  or  a  maritime  lawyer,  or  a  real-estate 
lawyer ;  but  he  always  refers  to  himself  as  a  lawyer,  It  should 
be  the  same  with  engineering.  A  man  should  be  first  of  all  an 
engineer,  and  later  a  specialist,  working  in  that  department  Of 
engineering  to  which  he  finds  himself  best  adapted. 

Mr.  J.  S.  Peck  ;  In  listening  to  the  reading  of  Mr.  Scott's 
paper,  regarding  the  education  of  the  young  engineer,  I  was 
reminded  of  a  quotation  from  an  essay  of  Professor  Thomas  H. 
Huxley  on  "A  Liberal  Education  and  Where  to  Find  It." 
Professor  Huxley  brings  out  in  this  quotation  a  fact  that  has 
not  been  touched  upon  this  morning,  that  is,  the  necessity  for 
training  a  young  man  to  keep  his  body  in  such  condition  that 
as  a  machine  it  may  work  at  highest  efficiency  : 

'  That  man,  I  think,  has  had  a  liberal  education,  who  has 
been  so  trained  in  youth  that  his  body  is  the  ready  servant  of 
his  will,  and  does  with  ease  and  pleasure  all  the  work  that,  as  a 
mechanism,  it  is  capable  of,  whose  intellect  is  a  clear,  cold, 
logic  engine,  with  all  its  parts  of  equal  strength,  and  in  smooth 
working  order  ;  ready,  like  a  sieam  engine,  lo  be  turned  to  any 
kind  of  work,  and  spin  the  gossamers  as  well  as  forge  the 
anchors  of  the  mind  ;  whose  mind  is  stored  with  a  knowledge 
of  the  great  and  fundamental  truths  of  Nature  and  of  the  laws 
of  her  operations  ;  one  who,  no  stunted  ascetic,  is  full  of  l>fe 
and  fire,  but  whose  passions  are  trained  to  come  to  heel  by  a. 
vigorous  will,  the  servant  of  a  tender  conscience;  who  has 
learned  to  love  all  beauty,  whether  of  Nature  or  of  art,  to  hate 
all  vilcness,  and  to  respect  others  as  himself. 

"Such  an  one  and  no  other.  1  conceive,  has  had  a  liberal 
education  ;   for  he  is,  as  completely  as  a  man  can  be,  in  harmony 
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with  Nature.  He  will  make  the  best  of  her,  and  she  of  him. 
They  will  get  on  together  rarely  :  she  as  his  ever-beneficent 
mother ;  he  as  her  mouth-piece,  her  conscious  self,  her  minister 
9nd  interpreter." 

Mr.  Anthony  :  There  is  another  side  to  the  fence  in  this 
matter.  I  think  the  greatest  handicap  to  the  young  man's 
pro|^ress  in  the  central  station  is  the  attitude  of  many  station 
managers.  Too  many  managers  bottle  up  most  of  their  infor- 
mation and  label  the  bottles  **  poison."  Until  these  managers 
are  willing  to  take  the  corks  out  and  the  labels  off  the  bottles, 
and  let  the  young  engineer  get  drunk  on  the  contents,  we  can 
not  complain  of  the  inefficiency  of  the  technical  training  that 
the  young  man  receives  at  most  technical  schools.  They  come 
from  many  schools  well  equipped  technically,  and  if  you  da  not 
give  them  a  chance  to  display  their  ability  practically  it  is  not 
their  fault.  The  college  people  often  give  them  a  better  chance 
than  the  station  managers  do  after  the  students  graduate.  The 
manager's  office,  the  superintendent's  office,  and  everything, 
should  be  wide  open  to  the  young  graduates  along  the  line  of 
giving  them  necessary  information  regarding  its  workings. 
Take  the  bookkeeper  in  and  give  him  some  knowledge  of  the 
dynamo.  The  auditor's  office  should  be  open  to  the  young 
electrical  engineer,  and  he  should  be  taken  into  your  confidence, 
where  he  will  get  an  idea  of  the  commercial  value  of  the  dollar. 
The  point  I  wish  to  make  is  that  t)ie  station  managers  them- 
selves too  often  take  an  attitude  toward  the  young  men  that  is 
more  of  a  handicap  to  young  engineers  than  all  the  colleges  put 
together,  particularly  when  they  keep  all  the  information  to 
themselves. 

Mr.  J.  H.  Rollins  (Albion,  N.  Y.):  Mr.  President  and  gen- 
tlemen :  I  consider  that  Mr.  Anthony's  remarks  concerning 
accounting  are  vitally  important  to  small  as  well  as  to  large- 
station  management.  I  can  only  speak  from  the  standpoint  of 
the  small-station  manager,  and  I  was  greatly  impressed  with 
Mr.  Scott's  remark  that  there  is  a  vast  difference  between  the 
knowledge  necessary  in  an  engineer  to  operate  a  small  station 
and  an  engineer  to  operate  some  one  part  of  a  large  station. 
There  are  only  a  few  central  stations  like  those  in  Chicago, 
Boston  and  Philadelphia,  but  there  are  thousands  of  small 
stations  in  towns  of  from  5,000  to  10,000  inhabitants,  where  the 
electrical  engineer  must  also  be  the  steam  engineer,  the  hydraulic 
engineer,  the  **trouble"  man,  and  everything  else;  in  fact,  he 
30 
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must  be  the  whole  thing  in  a  small  station,  and  he  should  cer- 
tainly have  a  liberal  education.  He  must  also  meet  the  patrons 
of  the  company  and  must  therefore  have  more  or  less  knowledge 
of  business,  bookkeeping,  accounting,  and  of  all  other  matters 
that  enter  into  the  operation  of  a  small  station.  Please  let  us 
hear  from  managers  of  small  stations  as  well  as  the  great  ones. 

Professor  W.  E.  Goldsborough  (Lafayette,  Ind.):  I  have 
been  interested  in  what  has  been  said  about  young  engineers. 
As  1  come  in  contact  with  them  a  great  deal  I  do  not  like  to  let 
pass  the  opportunity  of  presenting  a  few  thoughts  that  have 
been  brought  home  to  me  strongly.  Professor  Robb  has 
said  that  engineers  should  be  broad  engineers.  I  think  no 
one  will  agree  with  him  more  heartily  than  I.  I  have  made  a 
strong  fight  at  Purdue  University  to  have  all  of  the  civil  and 
mechanical  engineering  studies  possible  retained  in  the  elec- 
trical course  ;  but  unless  a  sentiment  develops  in  this  country 
that  will  give  us  about  two  more  years  in  which  to  educate 
young  men,  it  w^ill  be  impossible  tor  us  to  make  them  broad 
engineers  and  at  the  same  time  give  them  the  amount  of  special 
electrical  training  that  they  will  need  to  meet  the  demand  that 
will  be  made  on  them  by  the  electrical  engineering  profession. 
Only  to-day  I  was  told  of  an  electric-power  station  that  is  being 
planned  to  so  combine  conditions  as  to  have  a  loo-per-cent  load 
factor  and  get  90  per  cent  of  the  heat  out  of  the  coal  used.  No 
man  can  go  out  and  try  to  do  that  who  is  not  broadly  and 
technically  educated.  He  must  be  able  to  see  theoretically 
much  farther  than  the  practical  demands  of  every-day  life 
require.  Only  the  man  who  can  see  the  ultimate  way,  the  real 
way,  the  exact  way  of  doing  a  thing,  can  afford  to  take  short 
cuts.  If  I  know  the  accurate  way  of  doing  a  thing  I  can  take  a 
short  cut,  using  good  judgment.  If  I  do  not  know  the  right 
way  in  which  to  do  a  thing  and  then  resort  to  makeshifts,  I  am 
weak  in  my  position  and  am  apt  to  fall  into  errors  that  will 
prove  detrimental  to  the  undertaking  in  which  I  am  engaged. 

It  is  impossible  for  any  man  at  the  present  time  to  round 
up  and  fully  dijjest  all  the  knowledge  pertaining  to  civil, 
mechanical  and  electrical  engineering  in  four  years.  //  is 
perfectly  impossible  for  any  man  to  do  it.  In  my  judgment,  the 
young  engineer  of  the  future  will  have  four  years  of  general 
engineering  training  all  along  the  lines,  and  then  he  should 
have  two  years  of  specialized  training. 

Mr.   McCahe  :    It  seems  that  this  is  a  sort  of  experience 
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meeting.  Twelve  years  ago  I  graduated  from  a  technical 
school  and  wrote  about  200  letters  in  seeking  a  position.  I 
invariably  received  the  answer  that  my  letter  had  been  received 
and  placed  on  file.  I  wrote  to  a  friend  of  mine  about  it  and  he 
suggested  that  I  should  not  say  anything  about  being  a 
graduate  of  a  college,  but  tell  of  my  practical  experience  and 
of  the  hard  work  I  had  done.  I  did  so,  and  secured  a  position. 
In  the  12  years  of  my  experience  I  found  many  things  in  which 
I  was  at  fault.  I  learned  many  things  at  college  for  which  1 
had  no  use  afterward.  I  did  not,  however,  have  at  college  a 
course  in  bookkeeping  or  accounting,  which  I  have  needed  ever 
since  and  which  I  need  to-day.  If  some  of  the  higher  and 
oftentimes  useless  studies  had  been  omitted  and  I  had  received 
a  course  in  bookkeeping  and  modern  accounting,  I  think  it 
would  have  been  better  for  me  ;  it  would  be  better  for  most 
central-station  engineers.  The  station  engineer  may  not  need 
this  knowledge  as  an  engineer,  but  if  he  is  promoted  to  be  a 
superintendent  and  finally  becomes  the  manager  of  a  plant,  he 
should  have  a  good  knowledge  of  modern  accounting. 

Mr.  H.  T.  Hartman  (Philadelphia)  :  In  the  discussion  of 
Mr.  Scott's  interesting  paper  there  has  seemed  to  be  a  tendency  to 
assume  that  the  central  station  owes  something  to  the  young 
engineer.  He  is  apt  to  think  so  himself,  and  herein  lies  the  root 
of  much  trouble.  During  his  college  course  he  has  command 
of  his  time  to  a  great  extent ;  his  work  has  been  of  an  agreeable 
nature,  and  his  amusements  many  and  varied.  He  fully  realizes 
that  his  advantages  have  been  great,  but  he  is  apt  to  over- 
estimate entirely  the  value  of  the  training  he  has  received,  for 
the  reason  that  it  has  been  almost  entirely  theoretical,  and  there 
has  been  no  adequate  practical  test  of  the  actual  extent  of  his 
knowledge  and  its  availability  for  instant  and  effective  use. 
For  all  these  reasons  he  is  likely  to  think  and  act  as  if  he  were  of 
a  little  different  clay  from  the  rest  of  humanity,  and  not  entirely 
amenable  to  the  same  rules  and  the  same  tests  of  fitness. 

The  station  manager  is  apt  to  think  lightly  of  recent 
graduates,  possibly  because  he  remembers  how  green  he  was 
himself  at  the  same  period  in  his  career.  He  is  pretty  certain 
to  reject  without  further  examination  any  applicant  who  does 
not  look  strong  and  healthy,  and  he  puts  the  successful  candidate 
at  work  wheeling  ashes  or  unloading  coal,  or  at  some  other 
equally  rough  and  disagreeable  job,  in  order  to  see  whether  or 
not  he  has  sufficient  grit  and  perseverance   for  a  man  in   his 
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make-up.  If  the  young  engineer  quits  after  a  day  or  two,  the 
manager  feels,  rightly  or  wrongly,  that  he  is  well  rid  of  one 
upon  whom  it  would  have  been  folly  to  waste  any  time  and 
attention. 

No  lighting  company  can  afford  to  keep  a  man  who  does 
not  earn  his  pay,  and  earn  it  beyond  any  possible  question  of 
doubt.  Aside  from  the  fact  that  every  unnecessary  expense 
must  be  avoided,  discipline  demands  that  there  shall  be  no 
room  for  even  the  slightest  suspicion  of  favoritism.  No  one 
has  much  time  to  spend  on  the  young  engineer,  and  he  must 
learn  the  business  by  doing  cheerfully  and  well  all  the  work 
that  is  given  him,  no  matter  how  distasteful,  and  his  training 
must  come  partly — indeed,  largely — from  observation.  He  must 
not  expect  to  be  transferred  from  one  department  to  another  as 
soon  as  he  feels  that  he  has  had  sufficient  experience  to  warrant  it. 
No  central  station  can  afford  to  maintain  a  school,  and  he  must 
remember  that  he  must  always  subordinate  his  own  interest  and 
his  own  wishes  to  the  good  of  the  company  if  he  wishes  for 
recognition  and  advancement.  He  should  completely  divest 
himself  of  the  idea  that  he  is  anything  but  a  learner,  and  should 
avoid  even  the  appearance  of  a  desire  to  institute  general 
reforms  ;  at  least,  until  he  is  thoroughly  familiar  with  the  con- 
ditions. If  he  talks  college,  flourishes  a  slide  rule,  or  does  his 
figuring  too  conspicuously  ;  if  he  fails  to  do  thoroughly  what- 
ever work  he  is  intrusted  with,  no  matter  how  trivial  or  distaste- 
ful it  may  be,  or  if  he  is  not  always  ready  and  anxious  to  help — 
he  will  find  his  position  in  an  electric-light  plant  both  lonely 
and  disagreeable. 

One  great  opportunity  the  college  man  may  never  have 
again  is  that  of  learning  by  actual  daily  contact  and  association 
the  viewpoint  of  the  men  who  may  some  day  be  under  his 
charge.  If  he  is  in  the  least  degree  supercilious  and  patroniz- 
ing or  unduly  familiar,  he  might  as  well  be  alone  on  a  desert 
island  so  far  as  this  very  important  part  of  his  education  is  con- 
cerned. The  central-station  employee  with  whom  he  comes  in 
contact  is  likely  to  be  a  high-class  man  in  his  own  particular 
work.  He  will  judge  the  young  engineer  by  his  proficiency  in 
the  line  he  knows  most  about  himself,  and  as  he  will  be  doubly 
critical  on  account  of  that  college  education,  it  behooves  the 
novice  to  be  modest,  as  well  as  extremely  careful  in  all  matters 
relating  to  the  other  man's  specialty. 

In  conclusion,  I  would  say  to  recent  graduates  of  technical 
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schools  that  if  they  are  willing  to  spend  two  or  three  years  at 
laborer's  wages  on  hard,  dirty  work  ;  if  they  are  willing  to  risk 
much  exposure  and  some  danger ;  if  they  can  patiently  endure 
occasional  browbeating  and  injustice  from  their  social  inferiois, 
then  there  is  a  chance  for  them  in  almost  any  plant,  and  by  the 
end  of  the  probationary  period  they  will  have  acquired  a  train- 
ing that  will  make  them  valuable  men.  If  they  want  to  keep 
their  hands  clean,  and  wear  their  good  clothes,  they  had  better 
try  some  other  line,  for  the  central  station  can  offer  only 
disappointment. 

The  President  :  We  should  like  Mr.  Scott  to  close  the 
discussion. 

Mr.  Scott  :  Professor  Clifford  has  brought  out  one  point 
that  was  expressed  very  aptly  by  the  president  of  his  institute 
during  the  past  winter.  President  Pritchett,  of  the  Massa- 
chusetts Institute  of  Technology,  gave  a  talk  before  an  alumni 
association  of  that  institution.  While  I  was  not  strictly  entitled 
to  be  present,  I  was  there  as  a  guest.  President  Pritchett  said 
he  had  visited  a  factory  that  day,  in  one  department  of  which  he 
was  particularly  interested;  it  was  the  "returned-material " 
department.  He  said  that  particular  attention  was  given  to  the 
things  that  came  back — the  things  that  failed  to  meet  the 
purposes  for  which  they  were  designed  and  failed  to  perform 
their  proper  functions  when  they  went  into  service.  This 
returned  material  was  carefully  investigated  to  see  what  the 
fault  was ;  whether  it  was  some  inherent  weakness  or  inherent 
fault,  or  a  question  of  misuse.  He  said  he  thought  it  would  be 
an  excellent  thing  if  the  educational  institutions  of  the  country 
could  have  a  returned-material  department.  They  send  out 
certain  material.  You  central-station  managers  use  material 
from  the  manufacturing  companies,  also  from  the  educational 
institutions,  and  President  Pritchett  thought  it  would  be  an 
excellent  plan  if  the  institutions  of  learning  could  have  a 
returned-material  department,  so  that  they  could  see  in  what 
respects  the  men  they  sent  out  had  failed,  and  why,  so  that 
these  institutions  in  the  future  could  overcome  the  defects  in 
the  material  they  put  out,  just  the  same  as  the  manufacturing 
companies  would  do.  Some  of  these  defects  or  shortcomings 
have  been  brought  out  this  morning,  as  well  as  the  fact  that  in 
some  cases  the  trouble  with  students,  as  with  apparatus,  is  that 
they  may  not  have  been  used  properly. 

I  began  to  see  during  the  latter  part  of  the  discussion  that 
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the  paper  was  probably  too  optimistic.  I  have  indicated  a  few  of 
the  things  that  the  engineer  might  do  and  could  do.  I  think  it 
would  be  well  if  we  could  have  more  information  as  to  the  cost 
that  a  good  many  of  these  young  engineers-  have  brought  upon 
the  companies  for  which  they  were  working,  for  some  young 
fellows  are  apt  to  go  ahead  without  adequate  knowledge  or 
experience.  Such  a  case  has  been  cited  in  the  company  that 
started  in  with  a  new  engineer  every  year  and  got  a  new  line  of 
apparatus  each  year  to  increase  their  troubles  and  expense 
account.  The  whole  subject  is  a  vitally  important  one  and  I 
commend  it  to  your  careful  consideration. 

The  President  :  We  will  now  proceed  to  the  next  paper 
before  the  convention,  by  Mr.  John  W.  Ferguson,  of  Chicago, 
entitled  "Tactful  Relations  with  Customers." 


Mr.  Ferguson  read  the  following  paper : 

TACTFUL  RELATIONS  WITH  CUSTOMERS 


The  question  of  the  tactful  treatment  of  customers, 
while  a  subject  which  has  probably  occupied  the  atten- 
tion of  individual  members  of  this  association,  is  one 
that  I  believe  has  never  been  raised  to  the  dignity  of 
a  discussion  or  of  a  paper  read  at  the  convention. 
The  discussions  held  at  the  annual  conventions  have 
heretofore  been  mainly  on  matters  pertaining  to  the 
purely  operating  departments  of  the  business.  With- 
out in  any  way  deprecating,  or  wishing  to  take  one 
jot  or  tittle  of  importance  from  those  departments  and 
the  technical  questions  particularly  interesting  them,  I 
maintain  that  the  time  has  come  when  the  daily  re- 
lations of  those  departments  with  the  public  must  be 
considered,  and  the  duties  and  responsibilities  of  the 
purely  business  departments  (so  called)  should  be 
taken  into  consideration. 

As  I  am  fully  convinced  that  the  subject  is  one 
in  the  discussion  of  which  it  would  hardly  be  possible 
to  spend  too  much  time — as  it  is  a  subject  that 
strikes  directly  at  the  life  blood,  i.  e,,  the  income  of 
the  central-station  company — and  as  it  is  a  subject 
that  intrinsically  affects  the  standing  in  the  commu- 
nity of  the  corporation,  be  it  a  railroad,  a  lighting 
and  power  plant,  or  any  other  form  of  public  service, 
it  is  my  opinion  that  a  full  and  ample  discussion  of 
the  subject  must  sooner  or  later  result. 

To  central-station  managers,  it  is  a  question  of  the 
utmost  importance.  On  them  devolves  the  duty  not 
only  of  defending  and  advancing  the  interests  of  those 
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who  are  financially  interested  in  the  corporation,  but, 
and  almost  more  important,  is  the  duty  assigned  them 
as  representatives  of  the  franchise  rights  granted  by 
the  body  politic,  to  which  body  they  will  be  held  for 
a  strict  accounting. 

A  question  tp-day  seriously  occupying  the  attention 
of  the  public — and  one  that,  if  not  provided  against 
by  the  just  and  tactful  treatment  of  customers,  will 
surely  in  the  near  future  play  an  important  part  in 
our  political  life — is  that  of  municipal  ownership  of 
public  utilities.  It  is  not  my  intention  to  discuss  the 
pros  and  co7is  of  this  issue,  but,  as  you,  gentlemen, 
or  most  of  you,  represent  such  public  utility  corpo- 
rations, it  is  fair  to  assume  that  you  are  opposed  to 
any  legislation  looking  to  a  change  in  existing  con- 
ditions. Then  you  should  show  by  your  methods  in 
operating  your  companies  that  you  recognize  the 
limitations,  as  well  as  the  privileges,  vested  in  your 
franchise  rights.  You  should  show  by  your  acts  your 
realization  of  the  fact  that  those  rights  have  been 
granted  by  the  people,  and  that  they  have  at  all 
times  the  right  to  demand  from  you  an  account  of 
your  stewardship :  that  your  duties  well  and  courteously 
performed  will  disarm  criticism,  while  such  duties 
neglected  or  discourteously  performed  will  result  in  a 
just  upheaval  that  will  bring  disgrace  to  you  and 
disaster  to  the  financial  interests  you  are  chosen  to 
defend. 

The  responsible  head  of  any  company  should 
therefore  see  to  it  that  there  are  placed  at  the  heads 
of  the  various  departments  under  him  men  who  will 
realize  the  necessity  of  tactful  treatment  of  those  with 
whom  they  come  in  contact.  The  methods  of  the 
various  employees  will  in  most  cases  be  found  to  be 
in  line  with  the  methods   of   the   head   of   the  depart- 
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ment,  and  for  this  reason  suaviter  in  modo,  fortiter 
in  re,  mildness  in  method,  force  in  execution,  should 
be  the  governing  principle  for  all  heads  of  depart- 
ments in  the  central-station  company.  Never  losing 
sight  of  his  duty  to  the  company,  though  at  times 
the  fulfilling  of  that  duty  may  cause  temporary  dis- 
pleasure to  the  customer,  it  is  always  possible  so  to 
perform  the  duty  that  the  minimum  amount  of  dis- 
satisfaction shall  result,  and  this  should  be  the  object 
of  the  head  of  each  and  every  department  in  every 
company.  Of  course  we  all  know  that  it  is  impossi- 
ble for  the  head  of  the  department  to  look  after 
every  detail.  He  is  not  a  success  unless  he  is  a  de- 
tail man,  but  that  should  mean  his  having  his  depart- 
ment so  systematized  as  to  produce  the  detail  when 
he  may  need  it.  He  should  therefore  surround  him- 
self with  such  assistants,  and  so  impress  upon  them 
their  duties  to  the  company  and  the  public,  both  by 
precept  and  example,  that  the  tactful  relations  with 
the  customer  may  be  maintained  without  jeopardizing 
the  best  interests  of  the  company. 

From  the  office  boy  and  the  elevator  conductor, 
through  all  the  ramifications  in  the  organization  of  a 
great  company,  up  to  the  president,  upon  each  and 
every  one  depend  the  reputation  of  the  company  and 
its  popularity,  or  lack  of  it,  with  the  public.  The 
office  boy  of  to-day  may  be  the  president  of  to-mor- 
row ;  the  bookkeeper  or  bill  clerk  may  later  be  the 
comptroller;  but  this  can  only  be  if  he  so  fulfills  his 
duty  as  to  impress  favorably  the  outside  public,  to 
accomplish  which  he  must  continually  strive  to  main- 
tain the  friendly  relations  of  the  company  with  the 
customer. 

The  Perfunctory  Performafice  of  Dtities  Devolving 
upon  us  never  Produces  Preferment,     Every  employee 
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should  be  ambitious  to  improve  his  position  in  his 
company.  To  secure  this  advancement,  he  should  not 
be  content  simply  to  do  his  duty,  but  should  strive 
to  do  it  better  than  any  one  else  could  perform  the 
same  duty.  It  may  at  first  seem  that  I  am  now 
away  from  my  subject  Not  so.  Much  good  or  much 
harm  may  be  done  the  company  in  the  minds  of  the 
public  by  those  with  whom  the  public  may  never 
come  in  personal  contact.  The  introduction  of  the 
telephone  in  business  life  has  been  at  once  a  great 
blessing  and  a  great  curse.  To  the  acquisition  of  the 
telephone  is  attributable  much  of  the  development  of 
business  possibilities.  This  we  all  know.  But  un- 
fortunately we  also  know  that  to  the  misuse  or  care- 
less use  of  the  telephone  is  due  much  of  the  ill-feeling 
exhibited  by  the  public  toward  public-service  corpora- 
tions. Too  much  care  can  not  be  exercised  by  the 
department  manager  in  impressing  on  the  minds  of 
those  under  him  the  necessity  of  courteous  telephone 
treatment.  It  is  one  of  the  peculiar  weaknesses  of 
human  nature  that  we  are  all  more  or  less  prone  to 
adopt,  at  times,  an  acrimonious  or  peremptory  tone 
on  the  telephone  which  we  would  not  dream  of 
employing  if  dealing  with  the  customer  in  persona 
propria,  and  this  is  particularly  true  of  the  junior 
clerk  or  office  boy  who  conceives  an  exaggerated  idea 
of  his  own  importance.  To  school  those  whose  duties 
bring  them  into  frequent  daily  contact  with  the  public 
over  the  telephone,  to  be  patient,  polite  and  exact,  is 
a  task  of  no  small  magnitude ;  but  it  is  one  that  can 
not  fail  to  commend  itself  to  the  men  in  authority 
who  carefully  study  the  situation.  I  do  not  think  I 
am  overstating  the  case  when  I  affirm  that  a  com- 
pany's reputation  with  the  general  public  depends,  in 
the    last    analysis,    upon     the    spirit    exhibited    by    the 
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company's  rank  and  file  as  much  as  upon  the  influ- 
ence exerted  by  its  general  officers.  I  am  pleased  to 
believe,  from  my  observations,  that  the  time  when  the 
employee  of  a  corporation  looks  upon  the  public  as 
his  natural  enemy  and  treats  him  accordingly,  especi- 
ally in  telephone  communication,  is  rapidly  passing 
away.  But  in  this  line  much  yet  remains  to  be 
achieved. 

Thus  far  I  have  dealt  altogether  with  the  duties 
devolving  upon  the  office  employees  in  maintaining 
friendly  relations  with  the  customers.  This  is,  of 
course,  very  important.  But  much  more  important  is 
the  relation  to  the  customer  of  the  contract  agent, 
the  inspector,  the  collector,  the  meter  reader  and  the 
repair  man.  They  are  the  ones  who  come  in  daily 
and  close  contact  with  the  customer,  and  on  them 
devolves  most  closely  the  duty  of  maintaining  the 
friendly  relations  with  customers.  The  repair  man 
may  maintain  the  friendly  relations  more  intimately 
by  carefully  attending  to  his  duty,  be  it  the  connect- 
ing up  or  cutting  oflf  of  a  customer.  I  have  known 
men  whose  primary  duty  it  was  to  cut  oflf  customers 
for  non-payment  of  bills,  who  have  so  performed  their 
duties  that  hot  only  was  the  customer  not  cut  off 
(because  he  paid  his  bill),  but  was  made  a  valuable 
customer  for  the  company.  The  meter  reader  can 
make  himself  valuable  by  his  suaviter  in  modo,  while 
answering  questions  asked  by  the  customer.  To  say, 
"If  you  want  to  know  how  much  your  bill  is,  go  to 
the  office,"  is  one  extreme  of  folly.  To  say,  '*  Your 
bill  for  this  month  is  so  much"  (not  r^arding  the 
previous  reading),  is  the  other  extreme.  Between  the 
crow's  monosyllable  of  the  first,  and  the  parrot's  chat- 
ter of  the  second,  the  Scylla  and  Charybdis,  lies  the 
road    to   the  "presidency."     I    have    known    collectors 
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who  so  approached  customers  in  demanding  payment 
of  a  bill  that  they  have  not  only  collected  the  bill, 
but  left  a  satisfied  customer  after  they  departed. 

The  inspector  is  considered  by  the  customer  as 
one  link  in  the  chain  of  his  friendship  with  the 
company,  and  much  depends  upon  the  tactful  manner 
in  which  he  may  tell  the  customer  he  can  or  can  not 
be  connected  to  the  station,  and  the  reason  therefor. 
For  instance,  to  speak  to  the  customer  in  terms  that 
he  will  understand,  is  a  delicate  courtesy,  and  one 
bound  to  be  appreciated.  Harm  may  sometimes  be 
done  by  thoughtlessly  expressing  one*s  self  in  technical 
terms.  To  say,  **You  have  no  City,"  may  be  English 
to  the  inspector,  but  Greek  to  the  customer.  It 
would  not  consume  much  more  time  to  say,  **  It  is 
necessary  for  you  to  procure  the  approval  of  the  city 
inspection  department  and  pay  its  fee,  and  this  may 
be  done,  etc."  But  still  the  amicable  relation  might 
thereby  be  better  maintained.  To  say,  "This  wiring 
will  not  pass  city  inspection,"  may  be  true.  It  would 
be  more  satisfactory  to  the  customer  if  he  were  told, 
not  in  technical  terms,  but  in  good  every-day  expres- 
sion— and  such  is  possible — wherein  exist  the  defects 
that  prevent  that  customer  from  furnishing  his  share 
of  the  income  due  to  the  company. 

And  now  I  come  to  him  who  can  best  show  the 
advantage  of  tactful  relations — the  agent.  The  time 
has  passed  when  the  contract  agent  can  be  considered 
as  a  result  of  the  central  station — a  something  necessi- 
tated by  the  inherent  extension  of  the  business.  He 
is  now  a  prominent  and  necessary  factor  in  the  growth 
of  that  business.  He  leads,  let  others  follow.  But, 
because  he  leads,  because  he  is  on  the  firing  line  of 
the  progress  of  his  company,  greater  duties  and 
obligations  devolve   upon   him.     To  him,  almost  more 
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than  to  any  other  man  in  the  company,  appears  to 
belong  the  right  to  cherish  ambition  for  advancement. 
Honorable  ambition  is  the  right,  the  duty,  of  every 
man.  Honorable  ambition  means  the  seeking  to 
uplift  one*s  self  only  by  uplifting  that  body  or  people 
through  which  one  seeks  to  be  uplifted.  Therefore, 
while  the  agent  has  a  greater  opportunity,  from  his 
daily  association  with  the  business  world,  to  find 
means  to  gratify  his  ambition,  there  rests  upon  him, 
for  that  very  reason,  a  greater  responsibility— that  he 
shall  so  conduct  himself  and  so  perform  his  duties 
that  he  will  advance  the  interests  of  the  company  he 
represents. 

I  can  not  proceed  further  on  this  subject  without 
referring  to  one  custom  that  has  been  too  common, 
and  must  have  brought  into  disrepute  the  companies 
where  it  has  been  practiced.  I  mean  using  the  con- 
tract department  of  the  company  as  a  catch-all  for 
applicants  for  positions  who  are  backed  up  by  per- 
sonal friendship  of  the  officers  or  by  political  influ- 
ence, and  by  nothing  else.  I  do  not  mean  that  men 
so  vouched  for  are  ipso  facto,  incompetent,  but  un- 
fortunately they  too  often  seek  support  of  this  kind 
because  they  have  not  the  force  or  ambition  to  ad- 
vance their  own  fortunes.  If  such  men  must  be 
taken  care  of,  let  them  at  least  be  placed  where  they 
will  do  the  least  harm. 

Gentlemen,  take  home  to  yourselves  the  question  of 
the  careful  choosing  of  solicitors.  When  the  coal 
agent  or  the  man  from  the  oil  company  calls  on  you, 
you  will  instinctively  judge  the  company  by  its  repre- 
sentative and  govern  yourselves  accordingly.  Choose, 
then,  solicitors  who  do,  in  the  true  sense  of  the  word, 
represent  you.  Finesse  and  diplomacy  are  qualities 
that  every  solicitor   should   cultivate,  but   never  at   the 


294 

argue  why  he  is  mistaken.  It  would,  of  course,  be 
superfluous  to  remind  you  that  the  employees  of  a 
corporation  who  have  rendered  him  his  bill,  have  done 
so  in  all  honesty  and  with  fair  intent ;  but,  gentlemen, 
it  devolves  upon  the  claim  agent  to  convince  this 
exasperated  man  that  no  injury  has  been  done  him, 
or  that  if  he  has  suffered  an  unintentional  harm  the 
company  is  only  too  anxious  to  right  the  wrong. 

The  claim  man,  therefore,  should  be  one  who 
would  instinctively  and  at  once  be  able  to  judge  the 
character  and  temperament  of  him  with  whom  he  is 
to  deal.  In  the  majority  of  cases,  I  think  it  is  a 
mistake  to  try  to  convince  the  claimant  of  the  cor- 
rectness of  his  bill  at  the  first  interview.  Rather,  I 
would  advise  that  his  complaint  should  be  carefully  and 
respectfully  listened  to,  and  then  he  be  informed  that  a 
thorough  investigation  would  be  made.  When  this 
investigation  has  been  made,  the  claim  man  should 
look  well  into  the  conditions  and  satisfy  himself  that 
having  once  taken  a  position  based  upon  that  investi- 
gation his  ground  should  be  so  sure .  that  no  evidence 
could  afterward  be  brought  to  cause  him  to  withdraw 
therefrom. 

Should  the  result  of  his  investigation  show  that  an 
error  had  been  made  in  the  reading  of  the  meter,  or 
in  figuring  the  bill,  or  in  any  other  way,  he  should  at 
once  hasten  to  apprise  the  customer  of  this  fact,  state 
to  him  the  rebate  to  which  he  might  be  entitled,  and 
make  the  customer  feel  that  the  company  is  grateful 
to  him  for  giving  it  an  opportunity  to  rectify  the 
wrong.  Where  the  result  of  the  investigation  shows 
that  the  readings  are  correct,  and  that  no  injustice 
has  been  done  to  the  customer,  then  I  believe  he 
should,  as  far  as  possible,  seek  a  personal  interview  in 
which  he    may    explain  to   the  customer   why   the  bill 
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the  customer  information  which  would  tend  to  show 
the  justice  of  the  company's  position. 

The  position  of  claim  agent  is  a  very  trying  one. 
but  it  has  its  ray  of  sunshine  in  that  oftentimes  the 
claim  agent  can  afterward  point  to  cases  where  he  has 
proven  to  the  customer's  satisfaction  that  the  bill  as 
rendered  was  correct;  and  he  will  find  that  that 
honest  contestant,  once  satisfied  as  to  the  company's 
just  treatment,  will  hereafter  not  only  cheerfully  pay 
his  bills  so  long  as  they  are  correct,  hut  will  at  all 
times,  in  and  out  of  season,  bear  evidence  to  the  fair, 
*  just  and  tactful  methods  pursued  by  the  company. 

Finally,  let  us  remember,  gentlemen,  ihat  the 
primary  object  of  our  business,  as  of  any  other  busi- 
ness, is  financial  advancement.  What  the  citizen  needs 
in  our  line  we  must  give  him ;  what  he  thinks  he 
needs,  we  must  find  for  him  ;  what  he  is  unaware  of 
in  his  needs,  we  must  show  him,  and  all  for  tne  com- 
mercial betterment  of  our  city  and  the  financial 
advancement  of  our  company. 

DISCUSSION 

The  President  ;  The  paper  is  open  for  discussion,  and  we 
shall  be  glad  to  hear  from  some  of  our  members  on  this  subject. 

Mr.  Leon  H.  Sherck  (New  Orleans,  La.):  Mr,  President 
and  gentlemen  ;  Most  central-station  managers  (eel  that,  owing 
to  their  other  duties,  they  have  very  little  time  to  devote  to  find- 
ing out  what  the  office  hoy,  the  telephone  boy.  the  contract 
agent  and  claim  agent  are  doing.  I  recall  an  incident  where  an 
electric  company  was  threatened  with  the  loss  of  one  of  its  cus- 
lomers  and  also,  perhaps,  with  a  law  suit,  simply  from  the  care- 
less remark  of  one  of  its  telephone  boys.  It  seems  that  the 
young  ladies  in  the  city  in  question  had  the  habit  of  fixing  up 
cozy  nooks  and  calling  them  "dens."  The  incandescent  light 
was  frequently  used  to  ornament  these  so-called  dens.  The 
proprietor  of  a  large  restaurant  telephoned  to  the  company  that 
he  wanted  some  extra  lights  put   into  his  house,  the  particular 
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part  being  a  cozy  corner,  he  being  ignotai 
nooks  were  ever  entitled  dens.  Through  i 
solicitor  calling  at  the  gentleman's  housi 
sent,  as  the  telephone  boy  was  under  the  impression  that  a  case 
of  trouble  existed.  Some  confusion  resulted  from  the  trouble 
man  seeing  no  trouble  to  be  remedied  at  consumer's  premises, 
and  the  gentleman  in  question,  not  having  seen  an  agent  of  the 
company,  telephoned  to  the  office  tn  know  why  his  previous 
message  relative  to  "gelling  something  done"  in  his  residence 
had  not  been  attended  to,  He  was  answered,  perhaps  a  little 
curtly,  by  the  telephone  boy  that  another  man  would  be  sent 
to  fix  up  his  den.  The  restaurant  proprietor  became  very  much 
offended — not  understanding  what  "  den  "  meani^tliat  his  house 
should  be  called  a  den.  and  it  was  only  after  some  tetters  had 
passed  and  a  personal  call  had  been  made  by  the  head  of  the 
contracting  department  that  the  matter  was  straightened  out 

1  simply  bring  this  to  your  notice  to  show  how  these  little 
things  seldom  come  to  ihe  attention  of  the  manager  of  a  central 
station  unless  a  letter  is  written  to  the  company,  stating  the 
customer's  grievances.  I  think  you  all  know  how  very  few  of 
our  customers  will  take  the  time  10  write  us  a  letter  stating  that 
our  employees  have  acted  thus  and  so.  Most  of  them  will 
simply  say.  as  perhaps  they  sometimes  say  of  our  company,  that 
it  is  an  octopus  with  so  many  million  dollars'  capitalization,  and 
that  when  another  company  starts  up  they  will  give  their  busi- 
ness to  the  new  company. 

There  is  a  point  in  this  paper  that  I  believe  was  touched 
upon  bv  Mr.  Gilchrist  in  a  previous  discussion.  Un  page  191  ii 
is  said,  "Take  home  to  yourselves  the  question  of  the  careful 
choosing  of  solicitors."  I  would  say  one  word  on  that  subject, 
and  that  is,  1  think  the  greatest  care  should  be  exercised  in 
choosing  the  head  of  your  soliciting  department.  I  believe  it  is 
almost  necessary  to-day  to  put  in  charge  of  your  contract 
department  a  man  who  has  some  knowledge  of  engineering.  I 
do  not  mean  to  say  that  you  arc  to  employ  an  expert  engineer 
as  your  contract  agent,  but  you  should  have  a  man  who  hais 
some  knowledge  of  inside  wiring,  some  knowledge  of  tnotors 
and  dynamos,  and  some  knowledge  of  how  to  deal  with  the 
question  of  isolated  plants  and  their  closing  down,  so  that  the 
owners  of  the  plant  might  be  persuaded  to  buy  current  from  the 
central  station.  As  a  gentleman  remarked  in  a  previous  dis- 
cussion, ■'  Central-station  managers  do  not  realize  the  importance 


of  having  men  of  that  kind  around  them."  [  recollect  distinctly 
my  own  experience  some  seven  or  eight  years  ago,  when  I  made 

application  lo  one  of  the  large  companies  for  a  position.  The 
superintendent  asked  my  qualifications  and  what  I  had  done. 
I  told  him  I  had  spent  some  six  years  in  a  technical  college  and 
had  taken  two  degrees— Bachelor  of  Science  and  Mechanical 
Engineer.  He  looked  me  over  in  a  gruff  sort  of  manner  and 
said,  "  Young  man,  I  shall  not  let  that  count  against  you."  I 
believe  now  that  a  technical  education  counts  very  much  in  favor 
of  a  young  man.  Do  not  put  a  man  in  this  position  because  he 
is  prominent  in  social  circles,  or  because  he  is  a  sort  of  hail 
fellow  well  met  ;  put  a  man  in  who  can  discuss  with  the  pro- 
prietor of  a  large  store  or  hotel  the  difference  in  cost  of  running 
his  own  system  or  taking  current  from  the  electric  company  ; 
and  he  should  be  able  to  show  that  the  central  station  is  able  :o 
supply  current  cheaper  than  it  can  be  supplied  by  the  independ- 
ent plant,  if  such  is  the  fact.  He  should,  of  course,  always  tell 
the  truth.  He  should  knuw  what  part  of  the  underground 
system  is  loaded,  and  should  be  able  to  say  whether  or  not 
extensions  would  be  profitable  in  either  overhead  or  under- 
ground districts.  He  should  have  some  knowledge  of  these 
matters  without  consultation  every  lime  with  the  engineer. 
When  it  comes  to  special  work,  such  as  the  extension  of  aerial 
circuits  in  different  districts,  or  running  the  underground  sysiem 
out  another  street,  of  course  the  engineer  should  be  called  in 
consultation  lo  furnish  the  exact  cost,  but  the  point  I  wish  'o 
bring  out  is  that  the  superintendent  of  your  contracting  depart- 
ment should  feel  that  he  is  competent  lo  consult  with  ihe 
engineer  on  this  subject,  and  is  able  lo  take  up  what  I  might 
call  semi-technical  subjects  in  an  inielligent  way  with  the 
customers  of  the  company, 

Mr.  GiLCHRiiii  :  I  can  not  indorse  too  highly  the  points 
that  Mr.  Ferguson  has  brought  out  in  the  paper  just  read,  1 
believe,  as  Mr.  Sherck  has  said,  too  often  the  men  who  are  at 
the  head  of  the  business,  the  men  who  come  to  these  conven- 
tions, know  but  little  of  the  detail  of  the  handling  of  their  cus- 
tomers. I  believe  they  realize  the  importance  of  these  things, 
but  can  not  give  the  lime  that  they  should  give  them.     I  think 
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negotiation,  which  to  another  man  or  to  a  man  less  astute  seems 
to  be  of  trifling  importance,  they  will  consider  of  material 
moment.  They  appreciate  how  much  the  matter  of  like  and 
dislike  and  the  personal  peculiarities  of  the  man  with  whom 
they  are  doing  business  affect  the  trade  they  wish  to  make  or 
the  success  they  may  hope  to  attain. 

We  have  an  institution  in  our  midst  which  has  a  national 
reputation  and  of  which  as  Chicagoans  we  are  proud — and  of 
which  1  think  you  as  Americans  are  proud.  I  refer  to  one  of  our 
great  Chicago  institutions — tlie  dry-goods  house  of  Marshall 
Field  and  Company.  Such  an  immense  concern  does  a  great 
business  over  the  telephone.  For  a  great  many  years  the 
Chicago  Telephone  Company  printed  on  the  back  of  its  tele- 
phone directory  a  sentence  that  originated  in  that  house  and 
that  appeared  on  a  card  pasted  above  every  telephone,  calling 
the  attention  of  the  employeesi  to  the  great  desirability  when 
using  the  telephone  of  being  particularly  courteous  and  particu- 
larly careful  in  all  communications  with  the  public  to  make 
every  effort  to  accommodate  them.  I  believe  it  is  undoubtedly 
to  that  policy  that  the  success  of  the  house  is  due.  and  I  believe 
we  can  not  do  too  much  in  cultivating  tactful  relations  with  our 
customers  by  the  strictest  attention  lo  the  small  details  of  the 
business. 

Some  of  us  feel  a  little  acutely  at  times  the  way  in  which  a 
superior  will  criticize  when  some  breach  of  courtesy  or  lack  of 
attention  comes  to  his  knowledge  ;  but  I  believe  it  is  not  only 
the  duty  of  thai  officer,  but  it  is  a  thine  that  should  be  appre- 
ciated by  the  subordinate,  to  have  proper  correction  applied 
whenever  anything  of  that  kind  comes  to  the  attention  of  his 
superior.  The  subordinate  should  appreciate  it  as  a  part  of  his 
business  discipline,  because  he  should  realize  that  the  superior 
can  not  know  all  the  details  of  the  business  and  mtist  judge  by 
these  straws  :  and  if  one  such  occurrence  comes  to  his  attention, 
it  is  fair  for  him  to  presume  that  there  are  more,  and  it  is  not 
only  his  duty  to  the  employee  but  his  duty  to  the  public  to  see 
that  a  sufficient  example  is  made  of  the  case, 

Mr.  Arthur  Williams:  I  should  like  to  add  a  word  of 
appreciation  of  the  paper  presented  by  Mr.  Ferguson.  It  has 
been  gratifying,  indeed,  to  see  that  in  associations  of  electrical 
men  all  over  the  country  more  attention  is  given  to  this  question 
of  "commercial  engineering."  I  think  this  is  the  term  that  has 
igen  adopted  by   the  General  Electric  Company  and   one  or 
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two  of  the  other  large  manufacturing  companies.  It  occurred 
to  me  during  the  discussion  this  morning  when  reference  was 
made  to  the  electrical,  mechanical  and  hydraulic  engineer,  that 
we  should  possibly  make  room  for  the  commercial  engineer. 
Efficiency  in  selling  depends  on  many  things  ;  among  them,  tact 
and  a  full  knowledge  of  the  business.  I  think  a  commercial 
engineer  should  know  as  much  in  general  of  the  undertaking  he 
represents  as  is  known  in  a  general  way,  though  not  specifically, 
by  other  engineers  connected  with  the  undertaking. 

I  am  reminded  of  an  incident  that  occurred  some  time  ago 
when  a  large  contract  was  about  to  be  placed  for  electrical 
work.  The  representative  of  the  company  having  the  best 
chance  of  getting  the  contract  appeared  one  morning  with 
soiled  linen  and  clothing  far  from  neat  and  clean.  His  entire 
appearance  and  manner  were  so  offensive  that  immediately 
upon  being  seen  by- the  principal  in  the  case  and  stating  the 
object  of  the  call  he  was  informed  that  the  contract  had  been 
given  to  another  company.  It  had  not  been,  and  the  concern 
represented  by  this  particular  man,  standing  the  best  chance  of 
getting  the  contract,  lost  it  simply  because  of  his  appearance 
and  the  way  in  which  he  presented  his  mission. 

Mr.  S.  C.  Rogers  (Youngstown,  O.)  :  I  want  to  speak  on 
a  branch  of  the  subject  that  does  not  seem  to  have  been  touched 
upon  by  Mr.  Ferguson,  and  that  is  the  collection  of  accounts. 
This  comes  under  the  direct  charge  of  the  auditing  department, 
which  I  represent ;  the  commercial  engineering  department,  as 
Mr.  Williams  expressed  it.  Nine-tenths  of  all  the  complaints  of 
customers  come  to  the  auditing  department,  through  the 
medium  of  its  collectors,  cashier,  or  some  one  of  its  employees. 
It  is  our  custom  to  treat  such  complaints  courteously,  and  we 
refer  them  to  the  superintendents  of  the  different  departments 
for  investigation.  The  point  to  which  I  wish  to  call  your 
attention,  which  I  think  will  be  of  value,  is  emphasizing  the 
necessity  of  investigating  such  claims  promptly  and  reporting 
back  to  the  auditing  department  so  that  the  collection  of  the 
account  can  be  proceeded  with.  It  is  too  often  the  case  that 
the  superintendents,  not  being  responsible  for  the  collection  of 
the  account,  do  not  give  prompt  attention  to  the  investigation 
and  adjustment  of  these  claims.  This  is  a  point  that  may  well 
be  considered  by  those  present  who  are  central-station  managers 
and  general  superintendents. 

Mr.  Anthony  :  In  regard  to  the  same  subject,  I  think  when 
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the  customer  makes  his  complaint,  the  moment  the  letter  is 
received  the  complaint  should  be  answered  then  and  there, 
giving  the  customer  the  information  that  the  matter  will  be 
investigated  initanter  and  the  result  of  ihe  investigation  be 
promptly  forthcoming.  You  then  put  the  customer  in  a  proper 
mood  to  receive,  perhaps,  some  unpleasant  information  later  on; 
but  he  is  immediately  apprised  of  the  fact  that  his  complaint  is 
receiving  attention  and  you  gain  nine-tenths  of  the  situation  by 
the  prompt  acknowledgment  pf  his  letter  in  a  courteous  way. 

Mr.  C.  L.  Wakefield  (Dallas,  Tex.) ;  I  think  the  contract 
department  often  makes  the  mistake  of  having  too  many  words 
in  the  contract.  The  customer,  as  a  rule,  believes  that  he  must 
sign  the  contract  or  he  will  not  get  the  current,  and  in  many 
cases  that  is  true.  It  ts  so  long  that  he  does  not  read  it  and  so 
long  that  the  contract  agent  does  not  read  it  /■'  him  when  it  is 
signed  ;  the  fact  that  you  show  him  the  contract  when  a 
complaint  arises  does  not  make  him  feel  any  better.  I  think 
much  trouble  could  be  avoided  by  making  the  contract  as 
simple  as  possible,  so  long  as  the  price  and  term  of  contract  are 
slated.     The  less  you  say,  the  less  you  will  have  to  take  back. 

Mr.  Brine:  In  regard  to  complaints  from  customers,  1 
should  like  some  of  the  members  to  state  if  in  case  a  customer 
makes  a  complaint  about  a  bill  being  too  high  and  [he  meter  is 
found  to  be  fast,  the  customer  is  informed  that  the  meter  is  fast 
or  if  the  error  is  explained  in  some  other  way  :  that  is,  error  in 
reading,  or  something  of  that  kind. 

Mr.  E,  F.  Phii.mps  (Detroit,  Mich.)  ;  I  have  found  in  my 
relations  with  the  public  that  the  old  fashioned  moilo  "  Honesty 
is  the  best  policy  ■■  holds  good.  It  is  our  practice  to  tell  ihe 
customer  the  truth  at  all  times,  regardless  of  the  fact  whether 
you  lose  the  customer  or  retain  him,  I  have  in  mind  an 
instance  in  connection  with  one  of  the  most  prominent  citizens 
of  Detroit,  at  the  time  we  had  excessive  competition,  who  spent 
the  summer  at  his  summer  residence  and  returned  to  town  in 
October.  He  received  a  bill  the  first  of  November  that  he  con- 
sidered excessive.  He  reported  the  fact  to  the  management,  a 
thorough  investigation  was  made,  and  his  meter  was  found  to 
be  two  per  cent  slow.  This  customer  was  valuable — one  who  by 
our  making  a  slight  misrepresentation  could  have  been  retained. 
He  was  accessible  to  the  lines  of  the  opposition  company. 
What  was  the  method  of  procedure  ?  He  was  told  that  his 
meter  was  two  per  cent  slow,  but  that  the  company  valued  his 


business  to  such  an  extent  that  it  was  willing  to  receipt  the.  bill, 
but  under  no  condition  whatever  could  it  acknowledge  that  the 
meter  was  fast  when  it  was  really  slow.  We  lost  the  customer. 
In  handling  the  contract  department,  which  is  under  my  special 
direction,  I  have  found  it  good  business  policy  in  all  cases  never 
to  tell  a  customer  anything  but  what  you  can  back  up ;  never 
tell  a  customer  anything  but  what  is  a  fact. 

Mr.  Brine  :  I  should' like  to  hear  from  some  other  members 
as  to  what  they  do  with  reference  to  changing  meters  for  dis- 
satisfied patrons. 

Mr.  C.  M.  Lewis  (Bellevue,  O.)  :  In  answer  to  that 
question,  we  have  found  that  the  following  method  would 
frequently  settle  the  difficulty  :  Knowing  our  lines  and  the 
voltage  of  our  lamps,  request  the  patron  to  place  on,  say,  five 
i6-cp  lamps  for  a  certain  number  of  hours.  Have  him  multiply 
the  watts  per  lamp  by  the  number  of  lamps  and  hours  and  com- 
pare with  current  consumed,  as  registered  by  the  meter.  We 
teach  all  our  customers  to  read  their  meters.  While  this  is  not 
an  accurate  test,  yet  it  satisfies  the  customer.  We  then  suggest 
the  use  of  smaller-candle-power  lamps  where  we  believe  they 
would  answer,  and  thus  reduce  the  bill  to  the  customer's  satis- 
faction. A  safe  wattage  margin  should  be  given.  We  have 
found  this  method  very  helpful. 

The  President  :  We  will  now  pass  to  the  next  paper,  which 
is  entitled  '*  Relations  with  Employees — Benevolences,  Insur- 
ance, Pensions."  In  these  trying  times,  when  we  have  such 
great  differences  between  capital  and  labor,  the  question  of  the 
proper  attitude  of  employers  toward  benevolent,  insurance  and 
educational  associations  among  employees  is  very  important. 
At  least,  we  considered  it  very  important,  and  asked  Mr.  Arthur 
Williams,  of  the  NeW  York  Edison  company,  early  in  the  year 
to  make  a  special  study  of  the  subject,  as  it  was  one  in  which  he 
was  considerably  interested.  He  will  now  present  to  us  the 
results  of  his  investigation. 


Mr.  Williams  read  the  following  paper : 

RELATIONS    WITH    EMPLOYEES  — BENEVO 
LENCES,    INSURANCE,    PENSIONS 


Faithful  and  continuous  semce  has  a  quality  of 
future  value  which  can  not  be  immediately  defined, 
and  for  which  full  compensation  can  not  always  be 
given,  in  the  usual  acceptation  of  tlie  term.  The  good- 
will of  an  establishment  offers  an  illustration  of  this 
suggestion.  Good-will  is  frequently  a  large  percentage 
of  the  total  assets ;  it  is  obtained  only  through  consid- 
erate and  faithful  service ;  it  can  not  be  secured  where 
nothing  more  than  perfunctory  service  is  rendered. 

Larger  recognition  is  now  given  to  this  element  of 
futurity  than  at  any  time  in  the  past.  This  is  evidenced 
by  the  increased  extent  to  which  employers  are 
interesting  themselves  in  the  permanent  welfare  of 
their  employees.  Some  aim  to  make  their  manufactur- 
ing plants  attractive  by  comfortable  surroundings, 
good  sanitary  arrangements,  as  much  light  and  as  little 
noise  and  vibration  as  possible,  with  recreation  and 
assembly  rooms,  libraries  and  well-appointed  dining- 
rooms.  Oftentimes  the  dining-rooms  are  maintained 
without  profit  or  with  some  loss.  Healthy,  cheerful, 
well-fed  employees  work  better  and  faster,  and  in 
them  the  elements  are  absent  that  make  for  discon- 
tent and  trouble.  Some  employers  assist  in  building 
homes ;  some  pay  for  life  insurance,  an  excellent  form 
of  saving ;  some  encourage  part  ownership  —  as 
indicated  bv  the    recent    action    of    the    United    States 


Steel  Corporation ;  some,  like  the  Pennsylvania  and 
Baltimore  and  Ohio  railroads,  encourage  the  organiza- 
tion and  assist  in  the  management  of  relief  and 
benefit  associations;  some,  like  the  Pennsylvania  Kail- 
road,  go  a  step  further  and,  after  a  stated  term  of 
continuous  service,  provide  pensions  for  life.  There 
are  many  forms,  each  possessing  much  merit,  and  all 
contributing  to  the  general  good,  and  insuring  more 
friendly  relations  between  "employers  and  employed. 

At  this  point  allow  me  to  quote  from  the  installa- 
tion address  of  Andrew  Carnegie,  as  president  of  the 
Iron  and  Steel  Institute  of  London,  than  whom  no 
one  is  better  acquainted  with  the  coitdilions  of  labor 
in  our  country.     Mr.  Carnegie  states: 

"  The  great  secret  of  success  in  business  of  ail 
kinds,  and  especially  in  manufacturing,  where  a  small 
saving  in  each  process  means  a  fortune,  is  a  liberal 
division  of  profits  among  the  men  who  help  to  make 
them,  and  the  wider  the  distribution  the  belter. 
There  lie  latent  unsuspected  powers  in  willing  men 
around  us  which  only  need  appreciation  and  develop- 
ment to  produce  surprising  results.  Money  rewards 
alone  will  not,  however,  insure  these,  for  to  the  most 
sensitive  and  ambitious  natures  there  must  be  the  note 
of  sympathy,  appreciation,  friendship.  Genius  is  sensi- 
tive in  all  its  forms,  and  it  is  unusual,  not  ordinary, 
ability  that  tells  even  in  practical  affairs.  You  must 
capture  and  keep  the  heart  of  the  original  and 
supremely  able  man  before  his  brain  can  do  its  best. 
Indeed,  this  law'  has  no  limits.  Even  the  mere  laborer 
becomes  more  efficient  as  regard  for  his  employer 
grows.  1 3 and  service  or  head  service,  it  is  heart 
service  that  counts." 

It  is  for  this  heart  service,  of  which  Mr.  Carnegie 
speaks,  that  these    special    methods    for    cementing  the 


relations  between  employers  and  employees  are  devised. 
It  is  not  a  reflection  that  there  is  underlying  all  some 
form  of  additional  compensation  for  which  employees 
will  strive,  and  the  holding  out  in  the  distance  of 
something  that  the  employer  is  willing  to  offer  for 
service  more  faithful,  more  interested,  and  of  greater 
continuity.  To  accomplish  these  results  it  would  seem 
desirable  to  provide  for  all  in  sickness  and  old  age, 
irrespe'ctive  of  the  compensation  they  receive  or  of 
their  relative  position,  and  the  only  system  that  seems 
fairly  to  do  so  is  one  that  is  based  upon  percentages 
^a  percentage  both  of  the  normal  remuneration  re- 
ceived and  of  the  duration  of  service. 

Of  the  methods  examined,  that  seems  to  he  the 
best  undtr  which  the  employees  provide  their  own 
relief  and  benefit  funds  and  the  employer  the  required 
pensions.  It  is  proper  to  expect  every  one  to  save 
something  to  meet  the  contingencies  of  sickness,  and 
to  carry  some  measure  of  life  insurance,  but  the  em- 
ployer, as  a  rule,  can  fairly  be  asked  to  provide  for 
those  who  have  given  in  his  service  the  best  and 
greater  part  of  their  lives.  By  contributing  to  a 
general  fund  approximately  three  per  cent  of  his 
income,  an  employee  can  insure  himself  in  illness  to 
the  extent  of  half  his  income  for  a  considerable  j^ieriod 
of  the  year,  and  in  addition  he  can  carry  approximately 
$500  of  life  insurance.  And,  usually,  it  will  be  found 
that  employees  who  have  served  continuously  from  25 
to  35  years  can  be  pensioned  to  the  extent  of  a 
quarter  or  a  third  of  their  salary  at  a  net  cost  of  less 
than  one  per  cent  of  the  usual  pay-roll.  Insurance  of 
$300  or  $500  may  not  seem  large,  unless  contrasted 
with  the  usual  practice  of,  and  1  might  add,  the  usual 
receipts  from,  "passing  the  hat"  on  the  death  or 
illness  of  a  fellow  worker. 
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Existing  systems  designed  for  the  relief  and  benefit 
of  the  employees  of  some  of  our  American  corpora- 
tions may  be  of  interest  to  the  association  : 

THE    METROPOLITAN    STREET    RAILWAY    COMPANY,    OF 

NEW    YORK 

The  employees  of  the  Metropolitan  Street  Railway 
Company  pay  into  their  own  organization  50  cents 
monthly,  and  receive  in  the  event  of  sickness  $1.00 
daily  for  not  more  than  90  days  in  any  year,  and  in 
the  event  of  death  the  heirs  are  paid  $300 ;  the  com- 
pany has  recently  agreed  to  retire  on  life  pensions,  at 
the  age  of  70,  all  employees  who  have  been  25  years 
or  longer  in  its  service,  and  to  give  them  optional 
retirement  at  the  age  of  65  ;  the  pension  given  is 
25  per  cent  of  the  average  salary  or  wages  received 
during  the  preceding  10  years,  and  increases  at  the 
rate  of  one  per  cent  for  each  additional  year  of  service 
until — I  understand — it  reaches  a  maximum  of  35 
per  cent. 

THE    CONSOLIDATED    (iAS    COMPANY,    OF    NEW    YORK 

The  Consolidated  Gas  Company,  of  New  York 
city,  through  an  organization  of  its  employees,  has 
two  plans  in  operation — one  relating  to  sick,  the  other 
to  death,  benefits.  An  employee  may  take  one  or 
both,  at  his  option.  The  sick  benefits  cost  30  cents 
monthly,  and  in  the  event  of  illness  $6.00  weekly  are 
paid  during  a  maximum  period  of  12  weeks,  after 
which  the  medical  attendance  is  continued  without 
charge.  The  death  benefit  requires  a  monthly  pay- 
ment of  50  cents,  and  in  the  event  of  death  $300 
are  paid  to  the  family  or  legal  heirs.  The  Consoli- 
dated Gas  Company  has  recently  agreed  to  contribute 
to  each  system  50  cents  for  each  dollar  contributed 
by  the  employees. 
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THE    UNITED    STATES    STEEL    CORPORATION 

Forty-five  thousand  shares  of  preferred  stock  at 
the  par  value  of  $ioo,  now  paying  seven  per  cent, 
were  purchased  by  the  corporation  and  sold  to  the 
employees  at  $82.50  a  share.  One-sixth  of  the  total 
of  168,000  employees  subscribed  for  the  stock  twice 
over — showing  the  interest  taken  in  this  movement. 
The  stock  is  to  be  paid  for  by  installments,  and  a 
bonus  is  to  be  paid  to  those  still  holding  their  stock 
and  continuing  in  the  service  of  the  corporation 
during  a  period  of  five  years.  Arrangements  arc  to 
be  made  for  a  second  stock  distribution  of  the  same 
order,  and  a  bonus  is  promised  for  the  second  five- 
year  period,  but  the  amount  is  not  stated.  In 
addition  the  directors  have  agreed  to  set  apart  yearly 
one  per  cent  of  the  earnings  in  excess  of  $80,000,000, 
and  one-fifth  of  one  per  cent  for  each  additional 
$10,000,000,  as  a  fund  to  be  awarded  to  the  officials 
and  men  who,  in  the  judgment  of  the  directors,  best 
deserve  it.  This  sum  is  not  to  be  distributed  pro 
rata,  but  as  a  reward  of  individual  merit. 

THE    ILLINOIS    CENTRAL    RAILROAD    COMPANY 

A  somewhat  similar  method  of  interesting  the 
employees  of  the  Illinois  Central  Railroad  was  adopted 
some  years  ago.  A  short  quotation  from  a  circular 
letter  of  Mr.  Stuyvesant  Fish,  president  of  the  railroad 
company,  will  explain  the  method  adopted  : 

**  On  the  first  day  of  each  month  the  company  will 
quote  to  employees,  through  the  heads  of  their  depart- 
ments, a  price  at  which  their  applications  will  be 
accepted  for  the  purchase  of  Illinois  Central  shares 
during  that  month.  An  employee  is  offered  the 
privilege  of  subscribing  for  one  share  at  a  time,  pay- 
al)le  by  installments  in  sums  of  $5.00  or  any  multiple 


of  $5.00,  on  completion  of  which  the  company  will 
deliver  to  him  a  certificate  of  the  share  registered  in 
his  name  on  the  books  of  the  company.  He  can 
then,  if  he  wishes,  begin  the  purchase  of  another  share 
on  the  installment  plan.  The  certificate  of  stock  is 
transferable  on  the  company's  books,  and  entitles  the 
owner  to  such  dividends  as  may  be  declared  hv  the 
board  of  directors  and  to  a  vote  in  their  election. 

"  Any  officer  or  employee  making  payments  on 
this  plan  will  be  entitled  to  receive  interest  on  his 
deposits,  at  the  rate  of  four  per  cent  per  annum, 
during  the  time  he  is  paying  for  his  share  of  stock, 
provided  he  does  not  allow  12  consecutive  months  to 
elapse  without  making  any  payment,  at  the  expiration 
of  which  period  interest  will  cease  to  accrue,  and  the 
sum  to  his  credit  will  be  returned  to  him  ori  his 
application  therefor." 

On  June  30,  1900,  3,090  shares  of  the  company's 
stock  had  been  purchased  and  paid  for  under  this 
plan;  the  average  cost  to  the  purchaser  being  $98.13, 
and  the  market  price  at  the  time  being  $116  per 
share. 

UIHER     METHODS 

I  have  been  told  that  the  Krupps,  at  Essen,  Ger- 
many, in  addition  to  very  liberal  provision  for  the 
comfort  of  their  employees^one  feature  being  a  club- 
house splendidly  equipped — guarantee  that  after  reach- 
ing a  certain  age,  with  good  record  of  ser\'ice.  they 
shall  be  retired  with  an  annual  pension  and  a  small 
house  in  which  to  live.  The  pension  and  the  use  of 
the  house  are  continued  to  the  widow  in  the  event  of 
the  decease  of  her  husband.  A  firm  in  New  York 
city,  in  addition  to  paying  a  high  rental  premium  to 
secure  abundant  natural  light  and  the  use  of  modem 
apparatus    of    every    nature,    insures    its    principal    em- 
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ployees  at  its  own  expense,  and  assists  them  in  the 
purchase  of  homes.  This  is  done  in  the  belief  that  a 
man's  expenses  keep  pace  with  his  income,  and,  there- 
fore, by  giving  income  advances  in  the  form  of  an- 
nual payments  on  insurance  or  property,  a  permanent 
savmg  to  that  extent  is  effected,  and  the  interests  of 
the  employees  are  more  surely  identified  with  their 
work.  For  example,  this  firm  paid  $500  last  year  on 
a  house  of  one  of  its  foremen,  and  expects  to  make 
a  like  payment  this  year  and  hereafter  as  long  as  the 
present  relationship  continues. 

I'ENSION       AND       liENEFiT        ORGANIZATION.S        AND       .SOME 

METHODS    EMPLOYED     IN     DEALING    WITH    LABOR 

ON    AMERICAN    KAILROADS 

It  is  probable  that  this  subject  has  received  the 
closest  attention  from  the  large  railroad  organizations 
of  our  country. 

Samuel  M'Cune  Lindsay,  Ph  D,,  in  Bulletin  No.  37 
of  the  Department  of  Labor,  makes  the  following 
statement  regarding  railway  employees : 

"  Probably  railway  labor,  as  an  occupation,  affects 
the  interests  of  more  persons  in  the  United  States 
than  any  other  single  branch  of  employment  except 
agriculture.  It  is  one  of  the  most  hazardous  occupa- 
tions, and  yet  one  on  which  the  prosperity  of  the 
country  becomes  increasingly  dependent  It  has  led 
almost  all  other  clas.ses  of  labor  in  meeting  the 
problems  peculiar  to  the  wage-earner  when  he  becomes 
conscious  of  the  cla.ss  feeling.  Organized  labor  has 
fought  its  chief  battles,  won  its  greatest  victories,  had 
its  severest  defeats,  and  learned  its  best  lessons,  within 
the  scope  of  railroad  employment.  The  problems  of 
old  age.  the  question  of  the  '  dead  line '  in  occupations, 
or  age    where  diminishing   efficiency   sets   in,  and  the 
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need  of  provision  for  the  uncertainties  of  life,  have 
nowhere  presented  themselves  with  greater  clearness 
and  been  met  with  greater  determination  than  in  the 
relations  of  employer  and  employee  in  the  realm  of 
railway  labor." 

While  recognizing  that  individually  our  own  is  of 
a  more  limited  field,  there  are  many  parallels  between 
it  and  railway  work,  and  many  lessons  in  regard  to 
labor  matters  can,  1  think,  be  learned  in  considering 
the  relations  between  the  railroads  and  their  employees 
during  the  past  several  years. 

NUMBKR    OF    RAILROAD    KMPLOVKES 

The  Thirteenth  Annual  Report  of  the  Interstate 
Commerce  Commission  states  that  on  June  30,  1900, 
there  were  1,017,653  employees  of  all  classes  engaged 
in  railway  transportation  ;  there  was  an  average  of  529 
employees  per  100  miles  of  line,  and  an  increase  of 
88,729  employees,  or  34  employees  per  100  miles  of 
line,  as  compared  with  the  previous  year.  But  with 
this  increase  in  the  number  of  employees  there  was 
also  an  increase  in  the  amount  of  work  performed  by 
each.  For  example,  the  figures  for  1893  show  that  in 
the  freight  service  107,129  ton-miles  of  traffic  were 
handled  for  each  employee,  while  in  1900  139,143 
ton-miles  were  handled. 

The  railways  require  that  all  employees  except 
unskilled  day  laborers  shall  have  as  a  general  basis  a 
good    common-school    education.       They    then    require 

that  employees  work  their  way  up  through  the  lower 
grades  of  the  service,  familiarizing  themselves  by 
actual  experience  with  the  needs  of  the  better  paid 
positions  for  which  they  may  have  special  aptitude 
and  natural  ability.  College  graduates  frequently 
begin    in    train    service    as    firemen    on    freight  engines. 


The  better  the  general  training  and  education  a  man 
has  before  entering  railway  employment,  the  more 
rapid  is  apt  to  be  his  advancement.  Age  qualifications 
are  such  that  it  is  now  difficult  for  any  one  over  35 
years  of  age  to  enter  railway  service  without  previous 
railway  experience — many  roads,  as,  for  example,  the 
Pennsylvania,  do  not  employ  any  new  men  over  35 
years  of  age. 

llISCll-i.INI'. 

Discipline  is  a  question  that  has  received  a  gmat 
deal  of  recent  attention,  and  as  one  result  the  causes 
for  instant  dismissal  have  been  largely  reduced  in 
number.  Many  of  the  roads  maintain  boards  of 
inquir)',  to  which  appeals  may  be  made  by  even  those 
of  the  lowest  ranks,  though  there  are  certain  causes  for 
instant  dismissal  which,  proven,  have  no  appeal,  such 
as  liagrant  violation  of  rules,  intoxication,  insubordina- 
tion, dishonesty  and  gross  carelessness  or  negligence. 

Promotion,  if  not  entirely,  largely  depends  upon 
previous  record  and  the  results  of  various  examinations. 
So  far  as  practicable,  all  of  sentiment  or  of  politics 
is  eliminated.  Discipline  is  administered  usually  in  three 
ways:  Instant  dismissal;  suspension  from  work  and 
pay  for  a  period  of  10  to  60  days;  reprimand  and 
record  of  deficiency.  The  third  form,  little  known  some 
years  ;igo,  has    now   iilmost    superseded   the    other  two. 

Tl\E     HkOWN    SVSTKM    OK    DISCICLINE 

Discipline  by  reprimand  and  record  is  generallv 
known  as  "  The  Brown  System  of  Discipline,"  because 
it  was  first  worked  out  by  Mr.  George  R.  Brown, 
general  superintendent  of  the  Fall  Brook  Railway,  of 
New  York.  This  method  has  been  referred  to  at 
length  by  Mr,  A.  D.  Stickney,  president  of  the  Chi- 
cago and  Great  Western    Railway,  in  a   paper  entitled 


"A  Study  of  the  Methods  of  Hiring,  Disciplining 
and  Discharging  Railway  Employees,"  and  some  of 
his  remarks  may  be  of  interest  to  the  association. 
Mr.  Stickncy  defends  the  Brown  system,  not  from 
sentimental  reasons  nor  chiefly  as  a  promoter  of  the 
interests  of  labor,  but  in  the  interests  of  the  com- 
panies. He  states  that  the  primary  reason  for  dis- 
cipline should  be  the  improvement  of  the  service, 
not  the  punishment  or  reformation  of  the  man,  nor 
primarily  object  lessons  to  other  men ;  that  the  im- 
proper use  of  the  discharge  method  has  been  "the 
vital  spot  of  all  brotherhood  organizations." 

Suspension  from  duty  and  pay  by  the  immediate 
employing  officer  is  also  opposed.  Mr.  Stickney 
states  that  suspension  without  investigation  and  with- 
out any  measure  of  the  degree  of  culpability  is  almost 
alwnys  unfair,  and  is  usually  administered  in  a'  spirit 
of  anger ;  the  person  administering  the  punishment  is 
usually  the  sole  judge  of  how  to  make  the  punishment 
fit  the  crime,  and  simply  because  of  the  momentary 
condition  of  the  administrator,  the  highest  punishment 
IS  often  inflicted  for  a  petty  disobedience,  which  re- 
sulted in  no  serious  consequences. 

The  question  of  who  shall  administer  discipline  is 
of  no  less  importance  than  the  form  the  discipline  is 
to  take.  The  Brown  system  discards  the  idea  of 
punishment  and  penalty,  and  maintains  that  it  is  no 
part  of  the  directing  forces  of  the  employer  to  punish 
the  employees ;  it  maintains  that  those  forces  should 
be  utilized  solely  for  the  purpose  of  planning  and  in- 
telligently directing  the  work.  Upon  this  point  Presi- 
dent Stickney  makes  the  following  observations : 

"This  school  holds  that  there  is  an  indefinable 
something  in  the  lawful  authority  which  the  foreman 
possesses,  combined  with  superior  intelligence,  superior 


dignity  of  character,  and  superior  self-possession,  which 
every  foreman  should  possess,  which  commands  obedi- 
ence to  intelligent  directions." 

The  basic  idea  of  the  Brown  system  is  the  record 
book,  in  which  a  page  is  devoted  to  the  personal 
record  of  every  employee.  The  book  itself  is  never 
shown.  Any  employee  can  get  a  copy  of  his  personal 
record  at  any  time.  Of  this  record  Mr.  Brown  makes 
the  following  observations : 

"In  it  I  write  down  a  l)rief  statement  of  every 
irregularity  for  which  a  man  is  responsibie.  This 
record  takes  the  place  of  the  '  lay-off,'  and  is  dreaded 
fully  as  much.  The  man  goes  to  work  at  once,  no 
one  but  himself  suffers,  and  he  only  in  repuiation  at 
headquarters. 

"When  a  man  commences  to  make  a  record  in 
the  book  we  call  him  in  and  talk  to  him.  He  is  re- 
minded that  if  this  gets  too  long  we  shall  have  to 
consider  him  a  failure  for  our  ser\'ice ;  show  him  his 
weakness,  and  give  him  another  chance." 

A  second  important  feature  of  the  Brown  system 
is  a  bulletin  which,  with  the  record  book,  makes  up 
the  substance  of  the  plan.  The  bulletin  is  a  publicly 
posted  record  of  every  irregularity  on  the  road ;  it 
gives  no  names,  simply  describes  the  accident  or  irregu- 
larity and  then  comments  upon  it  from  the  company's 
point  of  view,  suggesting  how  the  accident  might  have 
been  avoided  or  how  injurious  it  was  to  the  interestb 
of  the  company. 

Some  of  the  objects  of  his  method  are  stated  by 
Mr.   Brown  to  be  as  follows: 

"  First — To  secure  a  higher  state  of  efficiency 
Strict  discipline  is  essential  to  successful  operation. 

"^^  Second — To  avoid  loss  of  time  and  wages  of  em- 
ployees, which  results  in  possible  suffering  to  those  de- 


pendent  upon  their  earnings.  There  is  also  the  chance 
of  demoralization  by  enforced  idleness. 

"  Third — To  avoid  unnecessary  severity  in  the  dis- 
missjl  of  an  employee  or  in  requiring  him  to  serve  a 
suspension  for  a  single  offense  that  does  not  reflect 
upon  his  reputation,  conduct,  capacity  or  future  use- 
fulness. 

"  Fourth — ^To  remove  the  false,  but  too  common, 
impression  in  the  minds  of  employees  that  the  amount 
lost  to  them  in  wages  is  a  payment  for  the  loss  in 
trouble  caused  the  company. 

"Fifth — To    avoid    frequent    change  in  the  service. 

"  Sixlh — To  advance  the  education  of  cniplo)  ces 
through  the  medium  of  bulletin  notes,  ihus  enabling 
them  to  avoid  mistakes  made  by  others. 

"  Severn k — To  establish  a  feeling  of  security  and  the 
confidence  that  faithful  service  will  be  recognized,  and 
rewarded  by  uninterrupted  employment,  and  with  the 
certainty  that  reward  and  promotion  will  not  follow 
indifferent  service." 
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AN     INTERESTING     EXAMPLE. 

An  interesting  e.\ample  is  given  following  the 
adoption  of  the  Brown  system  on  the  Long  Island 
Railroad.  On  a  certain  section,  lo  miles  long,  i  ib 
flagmen  or  gatemen.  each  earning  about  $40  monthly, 
are  in  service.  The  former  practice  was  to  suspend 
these  men  for  delinquencies  for  periods  ranging  from 
three  to  fifteen  days,  and  an  average  of  eight  men 
was  required  daily  to  replace  those  suspended.  After 
the  adoption  of  the  discipline  system  without  suspen- 
sion, over  a  considerable  period,  there  was  but  one 
failure  to  appear  on  time,  and  in  this  instance  the 
employee  overslept.  With  this  method  it  became  un 
necessary  to  send  a  gang  over  the  road  each  morning 


to  replace  the  delinquents;  the  men  seemed  willing  to 
accept  occasional  suspension,  but  not  the  risk  of  losing; 
permanent  employment. 

On  some  roads  the  Brown  system  has  been  ex- 
tended so  as  to  include  demerits  to  delinquents  on 
the  one  hand,  and  on  the  other  merits  for  acts  of 
heroism  and  for  even  minor  evidences  of  fidelity  and 
intelligent  interest  to  the  work.  An  extension  of  this 
plan  has  also  been  tried,  allowing  a  certain  period  of 
clean  record  to  cancel  a  certain  period  of  bad  record. 
For  example,  on  one  road  suspension  of  15  days  or 
less  would  be  considered  canceled  by  a  perfect  record 
of  one  year ;  suspension  for  more  than  1 5  hut  not 
exceeding  30  days,  would  be  canceled  by  a  perfect 
record  of  two  years ;  of  30  days  but  not  exceeding 
60  days,  liy  a  clean  record  for  three  years.  In  some 
instances  complimentary  bulletins  are  issued  every  1 2 
months,  stating  the  names  of  employees  who  have 
made  a  perfect  record  for  the  year 


THE    i'ENNSYI.VANIA    RAII-ROAl)    l:OM1'ANY 

Of  our  American  corporations,  the  most  marked 
progress  in  securing  a  method  of  caring  for  the 
interests  of  employees  has  been  made  by  the  Pennsyl- 
vania Railroad  Company,  through  its  "  voluntary  relief 
department"  and  "pension  department" — separate 
organizations.  Since  the  organization  of  these  depart- 
ments there  has  been  no  serious  labor  trouble  on  this 
railroad,  though  previously  there  were  a  number  of 
disturbances — wide  in  extent  and  serious  in  nature. 

The  relief  department  was  organized  in  1886,  as 
the  result  of  the  evident  need  of  more  effective  means 
for  meeting  distress  incidental  to  sickness  and  death 
than  that  of  soliciting  voluntary  subscriptions  from 
friends  and  associates,  and    is    administered    through    a 


superinrendent  appointed  by  the  board  of  directors. 
There  is  also  an  advisory  committee  composed  of  12 
members,  of  whom  six  represent  thr  company,  and 
six  are  chosen  by  the  relief  department  members  from 
among  themselves.  To  this  committee  is  charged  the 
responsibility  for  seeing  that  the  department  is  con- 
ducted in  accordance  with  the  regulations,  which  are 
in  printed  form,  and  of  providing  for  the  care  and 
investment  of  the  relief  funds.  The  general  manager 
of  the  company,  by  virtue  of  his  office,  is  chairman 
of  the  committee.  The  superintendent  of  the  depart- 
ment is  the  secretar}'  of  the  committee,  and  the  rail- 
road company  acts  as  the  custodian  of  the  relief 
funds. 

RKi.lEF-FUNIJ    REVENUtIS    AND    PAYMENTS 

The  revenues  of  these  funds  are  derived  from  three 
sources :  Dues  from  members ;  interest  paid  by  the 
company  on  current  balances ;  contributions  by  the 
company  to  make  up  deficiencies.  The  membership  is 
entirely  voluntary.  During  the  year  1902,  the  average 
monthly  membership  was  63,916;  at  the  close,  the 
aggregate  membership  was  70,307 ;  the  relief-fund 
account  was  credited  with  $1,297,187.61  ;  the  benefits 
paid  amounted  to  $1,034,820.98;  the  balance  at  the 
end  of  the  year  was  $262,366.63. 

There  are  three  additional  funds  or  accounts  in  this 
department :  the  "  relief-fund  liability  account,"  which 
at  the  close  of  the  year  had  a  credit  of  $120,319.89, 
the  "  relief-fund  surplus  account "  having  a  balance  of 
$751,256.35,  and  a  "superannuation  fund,"  which  in 
the  year  of  1902  amounted  to  $40,276.57,  made  up 
of  a  small  balance  and  the  interest  on  the  relief-fund 
surplus,  all  of  which,  with  the  exception  of  $10.20,  was 
paid  to  superannuated  employees,  during  the  year. 

EXiring   the    17  years'  operation   of  the  department 
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there  has  been  paid  to  the  employees  in  sick, 
accident  and  death  benefits  the  sum  of  $9,^84,909.19; 
in  addition,  the  company  has  paid  $2,264,659.63,  of 
which  $1,613,457.72  were  expended  for  operating  ex- 
penses—a total  of  $12,149,568.82.  The  company  main- 
tains the  department  at  its  own  expense,  paying  the 
salaries  of  those  who  direct  it,  the  medical  expenses, 
furnishes  the  necessary  offices,  stationery,  etc.  It  is 
undoubtedly  due  to  liberal  policy  and  thorough  organi- 
zation that  the  success  of  the  department  has  been  so 
marked  and  the  results  so  beneficial  to  the  working 
forces  of  the  Pennsylvania  Railroad  Company. 

An    analysis    of   the    benefits    paid    during  the  year 
shows  the  following : 


Deaths 

Number 

Insurance  Paid 

I15S.SBS.17 
aS3.Q56.8t 

Benefits  Paid 

$a  17,890.03 
374.388  95 

1593.279. 00 
Amount 

Frnnn  natural 

Total.. 
Oitablemenis 

By  accident. 

...    ii'' 
...    B59 
Number 

-  '3.B77 
.    '7.975 

-  51.85s 
Number 

Tmal. . 
Tola!  ot  both  dealh  ar 

d  d 

sablemen 

pa 

In  disablements  the  average  duration  is,  accidents 
19.6  days,  sickness  iS.  i  days.  It  will  be  noted  that 
of  859  deaths  during  the  year,  313,  or  about  36  per 
cent,  resulted  from  accident;  of  51,852  disablements, 
13,877,  or  about  26  per  cent,  were  from  accident.  In 
the  electric-light  industry,  the  accident  claims,  while 
not  entirely  eliminated,  would  be  largely  reduced.  The 
fact  that  in  both  death  and  disablement  benefits  much 
the  larger  percentages  result  from  natural  causes, 
shows  that,  while  railroading  may  be  termed  an  extra- 
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hazardous  occupation,  there  is,  with  all  classes  of 
employees,  every  reason  to  provide  for  illness  and 
other  uncontrollable  circumstances. 

CONTRIBUTIONS   TO    RELIEF    FUNDS 

Contributions  to  the  relief  funds  are  made  in 
accordance  with  a  graduated  scale,  proportioned  to  the 
wages  the  members  earn.  There  are  five  classes,  the 
details  of  each  being  shown  in  the  following  tabula- 
tion, taken  from  the  Regulations  of  the  Voluntary 
Relief  Department,  as  amended  to  January  i,  1900. 
The  tabulation  also  shows  the  benefits  received  in  the 
event  of  disablement  or  of  death. 


Monthly  pay 

Contribution  per  month  — 

Class 

Additional  Death   Benefit, 

equal    to    Death     Benefits 

of  class — 

Taken  at  not  over  45  years  of  age 

Taken  at  over  45  years  and  not 

over  60  years  of  age 

TakeQ  at  over  60  years  of  age. . . . 
Disablement  Benefits  per  day,  in- 
cluding Sundays  and  holidays  : 
Accident — 

First  52  weeks 

After  52  weeks 

Sickness — 

After  first  three  days,  and   not 
longer  than  52  weeks 

After  52  weeks 

Death  Benefits — 

For  Class 

Additional  that  may  be  taken. . 


ist 
Class 


Any 
Rate 

$0.75 


.30 

.45 
.60 


.50 
.25 


.40 
.20 


250.00 
250.00 


.id 
CUss 


$35  or 
more 

$1.50 


.60 

.90 
1.20 


1. 00 
.50 

.80 
.40 

500.00 
500.00 


cfass 


$55  or 
more 

$2.25 


.90 

1-35 
1.80 


1.50 

•75 


1.20 
60 

750.00 
750.00 


Claos 


$75  or 
more 

$3.00 


1.20 

1.80 
2.40 


2.00 
i.oo- 


I. Co 

.80 


sth 
class 


$95  or 
more 

$3.75 


1.50 

2  25 
3.00 


2  ?o 
1.25 


2.00 
I.oo 


1000.00  1 1250.00 
1000  00  II250.00 


each    class  averages 


The  minimum  contribution  in 
about  three  and  a  half  or  four  per  cent  of  the  wages 
of  the  employees — the  percentage  is  highest  where  the 
employee  receives  the  minimum  wages  of  the  class. 


PENSIONS 

But  there  comes  a  time  when  the  employees  cease  to 
earn  wages,  and,  therefore,  are  unable  to  pay  monthlv 
dues  lo  the    organization.      It    is    then    that    ordinarily 
they   must   rely   upon   their    savings,  the    assistance  i 
relatives    or    of    friends,    or    upon    charity.      The 
centage  of  those  who  save    enough    to  sustain  them  iiA 
old    age    is    very    small,    probably    largely    because 
thoughtless    expenditure     and     failure     to     realize    t 
ultimate    value    of    accumulated    savings,    even    thou] 
the   individual   savings    be    small.      The    Pennsylvani 
Railroad,  not    alone  of    the  railroads  or  other  corpon 
tions  in  this  country,  but  referred  to  at  greater  length 
because  of  the  extent    to    which    the    matter    has  been 
investigated,  then  took  up    the    question  of  pensionir^ 
all  of  its  aged    employees,  and    in     1890    put  a  systeii 
into  effect,  of   which    the   following   arc    some   of  the' 
features — ^quoting     from     the      Pennsylvania     Railroad 
Company's  general  notice  of    December  i8,    1899,  and 
signed  by  the  president,    Mr.  A,  J.  Cassatt : 

"  First — All  officers  and  employees  of  the  compaajj 
who  are  required  by  the  organization  to  give  thei 
entire  time  to  the  service  of  the  company,  who  shall 
have  attained  the  age  of  70  years,  or  who,  being 
between  the  ages  of  65  and  6g  years,  inclusive,  shall 
have  been  30  or  more  years  in  the  service  of  the 
company,  and  shall  then  be  physically  disqualified, 
shall  be  relieved  and  placed  on  the  pension  roll. 

"Second — Subject  to  ratable  reduction,  so  that  1 
entire  annual  expenditure  for  pension  allowances  shaff 
not  at  any  time  exceed  the  aggregate  sum  of  $300,000, 
pensions  shall  be  allowed  upon  the  following  basis : 

"  Third — For  each  year  of  service  one  per  centum 
of  the  average  regular  monthly  pay  for  the  10  years 
preceding  retirement.     Thus,  by  way  of  illustration: 


an  employee  has  been  in  the  service  of  the  company 
for  40  years  and  has  received  on  an  average  for  the 
last  10  years  $40  per  month  in  regular  wages,  his 
pension  allowance  would  be  40  per  cent  of  $40,  or 
$[6  per  month. 

" /v//r///— Pension  allowances  shall  he  paid  monthly 
and  shall  terminate  on  the  death  of  the  beneficiary. 

"Fifth — No  pension  allowance  shall  be  paid  to 
any  officer  or  employee  for  a  period  during  which  he 
may  be  receiving  accident  or  sick  benefits  from  the 
relief  department. 

"^  Sixth — The  acceptance  of  a  pension  allowance  shall 
not  debar  the  beneficiary  from  engaging  in  other 
business ;  but   such   person   can  not  reenter  the  service. 

*' Seventh — The  pension  department  shall,  under  the 
supervision  of  the  president,  be  in  charge  of  a  board 
of  officers,  consisting,  until  otherwise  ordered,  of  the 
vice-presidents,  the  general  manager,  and  the  assistant 
comptroller  of  the  Pennsylvania  Railroad  Company. 
The  board  of  officers  shall  be  appointed  annually  by 
the  boards  of  directors  of  the  several  companies,  and 
shall,  subject  to  the  approval  of  the  said  boards,  make 
and  enforce  regulations  for  the  government  of  the  de- 
partment. 

"Eighth — No  action,  which  shall  now  or  hereafter 
be  taken  in  connection  with  the  origin  or  furtherance 
of  a  pension  department  or  plan,  shall  be  held  or  con- 
strued to  give  any  officer,  agent,  or  employee  a  right 
to  be  retained  in  the  service  or  become  entitled  to 
pension  allowances,  but.  on  the  contrary,  each  company 
may  discharge  any  officer,  agent,  or  employee  at  any 
time,  when  in  its  judgment  the  interests  of  the  com- 
pany so  require,  without  liabilitv  for  pension  or  for 
other  allowances,  save  only  salary  or  wages  then  earned 
and  unpaid. 
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"No   person   shall -be  taken  into  the  service  of 
company  who    is    over    35    years    of    age,    except    tt 
with  the  approval  of  the  bo^rd  of  directors — 

'"First — Former    employees    may     be     reemploy) 
within    a   period   of  three  years  from  the  time  of  their 
leaving  the  service. 

"■Second — Persons  may,  irrespective  of  age  limit,  be 
employed  where  the  service  for  which  they  are  needed 
requires  professional  or  other  special  qualifications ;  but 

"  7"^ z'ri/— Persons  may  be  temporarily  taken  into 
the  service,  irrespective  of  age  limit,  for  a  period  not 
exceeding  six  months,  subject  to  extension,  whea, 
necessary,  to  complete  the  work  for  which  engaged. 

The  assistant  comptroller  of  the  Pennsylvania  Ri 
road  Company,  Mr.  Riebenack,  stated  in  an  address* 
before  the  Economic  Club,  of  Boston,  at  the  annual 
dinner  on  February  10,  1903,  that  a  special  committee, 
appointed  to  consider  the  pension  question,  examined 
into  and  reported  upon  the  various  pension  systems  in 
operation  on  more  than  70  of  the  leading  railroads  of 
America,  Europe,  Asia,  Africa  and  Australia.  Even 
the  enormous  amount  of  data  thus  collected  was  not 
sufficient  for  the  formulation  of  the  pension  plans 
the  directors,  the  scope  not  being  sufficient,  and,  Ihei 
fore,  in  adopting  the  present  system,  progress 
made  along  lines  original  and  more  extensive  than 
before  been  undertaken  by  any  corporation. 
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PENSION    EXPENDITURES    AND   COST    TO    THE    COHPAN^ 

There  were  paid  to  retired  employees  during  tS 
three  years  of  operation,  beginning  January  i,  1900. 
pension  allowances  aggregating  $864,713.27.  in  the 
same  years —  1 900,  1 90 1  and  1 902  — 1,851  employees 
were  retired,  of  whom,  in  that  period,  381  died. 
Three  hundred  and  fifty-nine  were  between  65  and  70 


years  of  age,  physically  incapacitated,  and  of  this 
number.  261  were  relieved  by  their  own  request,  with 
the  approval  of  the  employing  officers.  The  average 
age  of  the  pensioners  on  the  roll  at  the  end  of  1902 
was  73  years,  and  the  oldest  pensioner  was  91  years 
of  age.  At  the  end  of  1902  the  percentage  of 
pensioners  to  active  employees  was  1.47,  the  pensions 
paid  then  aggregating  $300,000,  approximately  $3.24 
per  annum  for  each  employee  of  the  railroad  com- 
pany, and  about  .57  of  one  per  cent  of  the  annual 
pay-roll.  When  it  is  pointed  out  that  this  pension 
expense  aggregates  less  than  one  cent  per  day  for 
each  employee,  it  would  seem  (a)  that  were  employees 
to  act  jointly,  they  could  themselves  provide  for  old 
age  at  an  expense  not  exceeding  one  cent  a  day ;  or 
(J>)  that  any  corporation  by  the  same  method  could 
reach  the  same  result — and  that,  for  the  influence 
upon  employees,  the  corporation  could  well  afford, 
entirely  at  its  own  expense,  to  take  such  a  course. 
Contrast  with  these  figures  the  cost  of  a  single  tabor 
disturbance,  or  the  value,  relatively,  of  faster  and  better 
work,  of  better  and  closer  attention  to  an  employer's 
property  and  interests ;  of  stimulating  devoted  and 
enthusiastic  effort  on  the  part  of  each  employee.  The 
cost  of  securing  this  fades  into  insignificance. 

It  will  be  noticed  that  the  Pennsylvania  Railroad 
Company  has  limited  its  liability  to  a  stated  annual 
amount ;  that  it  simply  agrees  to  pay  the  defined  per- 
centages for  pensions,  provided  that  the  sum  allowed 
is  sufficient  for  that  purpose.  If  it  is  not,  either  a 
larger  amount  would  have  to  be  allowed  by  the 
directors— which  would  be  optional — or  some  decrease 
in  the  pension  rate  would  follow. 


INVESTIGATIONS     bY    THK     NKW    YORK    EIHSON    COMI 

The  New  York  Edison  company  has   given    receni 
consideration    to   this   subject,  though    the    plans    thui 
far    outlined    are    not    as    yet    lieyond    the    stages 
earliest     consideration.        Briefly    stated,     they    are 
follows : 

"First — The  organization  of  a  relief  association,  ii 
which  it  is  proposed  that  each  member  shall  pay  threi 
per  cent,  and  in  the  event  of  accident  or  illne^ 
receive  half  of  his  wages  or  salary  ;  that  in  the  event 
of  death  his  heirs  shall  be  paid  $350.  The  constita 
tion  of  the  association  would  he  so  drawn  that  the 
obligation  to  maintain  these  payments  would  continut 
only  as  long  as  they  are  justified  by  the  income 
l>eing  the  intent  that  while  the  company  should  meet 
the  administration  and  medical  expenses,  the  disability 
and  insurance  expenditures  shall  be  entirely  contributed 
by  the  membership. 

"  Spc07id — That   the    company    shall  pay    to    all  emr 
ployees    serving    it    continuously    for  a    period    of 
years,  for  each  year  of    active    service,  an    annual  pen- 
sion  for  life  of  one  per   cent    of   the  average  salary 
wages  received    during    the    preceding    ten    years, 
with  the  Pennsylvania  Railroad  Company,  the  intent 
to  place  a  limit  upon  the  total  expenditure  of  approxi- 
mately $3.80  annually  for   each  employee    on  the  pay- 
roll.     Beyond  this  the  company  would  have  no  liability, 
so  that,  unless  further  action  were  taken,    it  would 
necessary    to    scale    down    the    percentage    of    pensioi 
paymenis  were    this    allowance    not    sufficient    for   thi 
purpose," 

The  plan  suggests  that  no  pressure  whatsoever  shi 
be  brought  upon  the  employees  to  join  the  associati' 
other  than  the  fact  that  it  will  furnish  an  inexpensi' 
way  of  providing  for  illness  and  for  some  insurance. 
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The  constitution  and  by-laws  are  to  he  carefully 
drawn  with  ie^al  advice  ;  the  fiscal  officers  of  the  de- 
partment would  be  [he  fiscal  officers  of  the  company 
hokling  corresponding  relations ;  the  chairman  of  the 
board  of  directors,  by  virtue  of  his  office,  the  general 
manager  or  the  associate  general  manager  of  ihe  com- 
pany. But  otherwise  this  board,  under  constitutional 
provisions,  would  have  control  of  the  department  and 
would  be  composed  of  equal  representation  on  the  part 
of  the  company  and  of  the  employees. 

The  company  felt  that  several  points  involved, 
particularly  legal,  should  be  carefully  considered  by  its 
attorneys,  and  the  following  opinion  may  be  of  in- 
terest to  the  association,  and  of  value  to  any  com- 
panies intending  to  take  action  on  this  subject : 

EXTRACTS      FROM       AN       Ol'INION        RENDERED       1SV       THE 
ATTORNEYS   OF    THE    NEW    YORK    EDISUN    COMFANV 

"  We  have  carefully  looked  over  the  papers  and 
pamphlets  which  we  have  in  our  possession  bearing 
upon  a  similar  (pension  and  relief)  department  which 
has  been  conducted  by  the  Pennsylvania  Railroad 
Company,  and  have  also  considered  the  decisions  of 
various  courts  upon  questions  "which  have  arisen  under 
this  or  similar  schemes. 

"  As  we  have  stated,  the  pension  fund  would  be 
a  direct  charge  upon  the  company,  and  as  it  is  gratui- 
tous, the  company  could  not  he  attacked  legally  by 
reason  thereof,  as  there  would  be  no  interest  in  that 
fund  to  which  any  of  the  employees  would  contribute. 
That  branch  of  the  proposition,  theretore,  would  prob- 
ably cause  no  trouble  to  the  company. 

"The  relief  and  insurance  branch,  however,  seemed 
at  first  to  us  to  have  some  objections,  but,  after  con- 
sidering the   system    which   has   been   adopted    by   the 
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which    would    be    perhaps 
work  and   devotion   to  the 


labor  efficiency — added 
greater  individual  effort 
employers'  interests. 

In  closinji  permit  me  to  acknowledj^e  mv  indebted- 
ness to  the  bulletins  of  the  Department  of  Labor 
issued  from  the  Government  Printing;  Office  at  Wash- 
ington ;  to  the  work  of  Samuel  M'Cune  Lindsay.  Ph.D.; 
to  Mr.  M.  Riebenack,  assistant  comptroller  of  the 
Pennsylvania  Railroad  Company  ;  to  Mr.  Spencer  Mead, 
superintendent  of.  and  Mr.  C.  S.  Wells,  connected 
with,  the  relief  department,  and  to  various  reports  of 
the  Pennsylvania  Railroad  .Company;  to  Messrs, 
Beardsley  and  Hemmens,  attorneys  of  the  New  York 
Edison  company ;  and  to  the  reports  of  several 
corporations  also  maintaining  benefit  associations. 

Mr.  Wikt:  1  would  ask  Mr.  Williams  if,  in  the  investiga- 
tion of  this  subject,  he  found  any  opposition  on  the  part  of  the 
employees  to  these  societies?  A  friend  of  mine  paid  some 
attention  to  this  subject,  and  in  several  cases  the  employees 
made  the  statement  that  they  would  prefer  to  have  the 
additional  salary — prefer  to  make  their  own  savings  to  provide 
for  their  old  age.  In  Germany  the  employers  arc  compelled  by 
law  to  make  provision  of  this  kind.  I  should  like  to  know  if 
Mr.  Williams  looked  into  that  aspect  of  the  matter — the  pos- 
sible objection  of  the  employees  ? 

Mr.  Williams  :  I  have  not  found  that  there  is  any  objection 
on  the  part  of  the  men  to  the  additional  payments  made  lo 
these  socieiies,  because  they  are  entirely  voluntary,  and  usually 
the  men  get  a  great  deal  more  than  they  lake.  I  know  of  no 
company  that  asks  any  employee  to  join  a  benefit  organization 
unless  it  is  his  desire  to  do  so.  He  may  join  if  he  desires  it, 
but  il  is  optional  with  him.  Most  of  the  organizations  are  com- 
posed  entirely  of  the  employees,  who  in  some  cases  are  assisted 
by  the  executive  management  of  the  corporations.  Pensions, 
however,  are  administered  by  the  employers  and  are  given  lo 
each  emplcjyee,  whether  he  belongs  to  the  benefit  organisation 
or  not.  There  is  no  necessary  relation  between  the  sick  and 
benefit  organization  and  the  pension  system.      I  have 
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heard  about  the  German  system,  but  could  not  get  enough 
information  to  include  reference  to  it  in  this  report.  It  places 
some  obligations  on  manufacturers  engaged  in  hazardous 
undertakings  to  insure  the  lives  of  their  employees,  and  the 
employers  are  under  some  form  of  obligation  to  provide  a 
pension  fund  for  old  age. 

The  President  :  I  will  read  by  title  a  paper  prepared  by 
Mr.  W.  D'A.  Ryan,  entitled  "Light  and  Illuminating  Engineer- 
ing." This  paper  is  not  on  the  programme,  but  Mr.  Ryan  was 
kind  enough  to  prepare  it  for  the  meeting  ;  but  owing  to  the 
large  number  of  papers  we  have  and  the  time  it  would  take  to 
present  the  paper  in  full,  it  will  not  be  possible  for  us  to  have 
it  read. 
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(The  following  is  the  text  ot  Mr.  Ryan's  paper.  It  was 
accompanied  by  several  illustrations,  some  of  which  were  in 
color,  elucidating  the  subject.  It  has  not,  however,  been  found 
feasible  to  reproduce  these  illustrations.) 

LIGHT    AND    ILLUMINATING    ENGINEERING 


CONCENTRIC    AND    ADJUSTABLE    DIFEUSERS 

The  superior  quality,  volume  and  economy  of  the 
electric-arc  light  are  so  well  recognized  that  it  is 
rapidly  supplanting  all  other  artificial  lights  for  high- 
class  mercantile  illumination.  The  open  arc.  while 
giving  an  especially  white  light  of  high  candle-power, 
concentrates  the  most  powerful  rays  in  a  comparatively 
small  circle  beneath  the  lamp.  The  circle  incloses  a 
dark  zone  directly  under  ihe  lamp,  and  beyond  the 
ring  of  concentrated  light  the  illumination  falls  off 
rapidly,  producing  an  unevenness  incompatible  with 
good  lighting,  particularly  when  the  surroundings  are 
dark  and  not  of  a  diffusive  character.  Not  only  is  it 
impossible  to  show  material  satisfactorily  where  the 
light  is  weak,  but  merchandise  displayed  in  the  strong 
circle  of  light  is  so  brilliantly  illuminated  that  in  the 
case  of  colored  fabric  the  eye  fatigues  and  the  com- 
plementary color  introduces  itself,  which  robs  the 
original  color  of  its  purity.  This  in  many  cases  causes 
the  customer  to  become  undecided,  and  a  lost  sale  re- 
sults. If  there  were  any  way  of  estimating  lost  busi- 
ness due  to  this  cause  the  figures  would  undoubtedly 
be  surprising. 

In  many  stores  fatigue  and  subjective  color  effects 
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produced  by  the  open  arc  are  partly  corrected  by  the 
use  of  dense  globes.  There  still  remain,  however, 
equally  serious  inherent  defects,  namely,  the  distortion 
of  the  light  distribution  due  to  the  wandering  of  the 
arc  and  to  the  great  change  in  the  total  volume  of 
light  at  different  increments  of  time  between  the  so- 
called  picking-up  and  feeding  points. 

When  the  inclosed  lamp  was  placed  on  the  market, 
it  was  soon  recognized  as  having  superior  advantages 
of  distribution,  steadiness  and  maintenance  economy 
over  its  predecessors,  and  so  rapidly  is  it  replacing  the 
open-arc  lamps  that  the  latter  will  in  a  very  short 
time  be  regarded  as  entirely  obsolete 

In  order  to  further  improve  the  distribution  of 
light  with  the  inclosed  arc  and  adapt  it  to  particularly 
severe  requirements,  after  a  careful  study  of  this  impor- 
tant problem  the  concentric  light  diffuscr  has  been  intro- 
duced. This  apparatus,  while  of  an  exceptionally 
simple  character,  not  only  cuts  down  sharp  contrasts 
and  diffuses  the  light  equally  in  all  directions,  but  the 
effect  of  the  wandering  of  the  arc  has  been  reduced 
in  a  considerable  degree,  so  that  the  light  at  any  point 
is  to  a  great  extent  independent  of  the  position  of  the 
arc  with  respect  to  the  carbon  ends. 

The  apparatus  consists  of  a  suitably  designed  metal 
diffuser  attached  to  the  lamp  casing  in  the  same 
manner  as  an  ordinary  reflector  or  shade.  In  place  of 
the  outer  globe  a  screening  shade  is  used,  which  j^er- 
forms  the  double  function  of  subduing  the  light  directly 
under  the  lamp,  and  reflecting  a  portion  of  it  to  the 
diffuser.  The  light  from  the  diffuser  is  white,  even, 
well  distributed,  easy  on  the  eyes  and  particularly 
adapted  to  the  matching  of  colors,  which  is  of  the 
utmost  importance  in  a  very  large  percentage  of  all 
classes  of  mercantile  lighting.     Furthermore,  the  diffuser 
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makes  the  illuminating  power  of  the  lamp  independent 
of  the  nature  or  color  of  the  ceiling ;  that  is  to  say,  it 
is  immaterial  whether  the  ceiling  is  light  or  dark. 
With  the  diffuser  the  light  will  be  about  equally  effect- 
ive under  all  overhead  conditions,  as  there  will  be 
practically  no  light  lost  by  absorption  in  the  ceiling 
itself. 

MILL    LIGHTING 

Semi-concealed  arc  lighting  is  especially  recom- 
i^ended  for  use  in  cotton,  silk  or  other  mills  where 
arc  lighting  is  genc:v.lly  difficult  owing  to  shadows 
cast  by  high  looms  and  other  light-intercepting  objects. 
For  printing,  calendering,  folding  and  other  machines 
requiring  concentrated  light,  the  adjustable  diffuser  has 
been  especially  designed.  It  can  also  be  used  for  the 
lighting  of  mills  with  high-studded  ceilings  or  saw- 
tooth roofs.  The  diffuser  is  so  constructed  that  the 
light  can  be  adjusted  so  as  to  change  the  distribution 
without  moving  the  lamp.  This  makes  it  possible  to 
throw  more  light  on  a  given  loom  that  may  require 
a  stronger  illumination,  and  this  can  be  satisfactorily 
accomplished  without  disturbing  the  operators  on  other 
looms,  which  would  naturally  follow  a  change  in  the 
location  of  the  lamp  itself. 

The  arguments  advanced  in  favor  of  the  concentric 
diffuser  may  generally  be  applied  to  the  adjustable 
diffuser,  except  that  the  latter  throws  the  light  only 
on  three  sides.  The  lamps  arc  usually  small  units  and 
are  placed  back  to  back.  It  will  be  found,  however, 
that  in  the  majority  of  cases  the  concentric  diffuser 
will  be  most  satisfactory  for  general  illumination,  par- 
ticularly if  the  mill  to  be  lighted  has  a  low-studded  roof 
or  ceiling. 

ARC-LIGHTIN(;    DATA 

It   must   be   recognized   that   to  give   definite   data 
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Oh  the  amount  of  light  or  power  required  to  illuminate 
a  given  area  is  most  difficult.  Not  only  does  there 
exist  a  wide  diflference  of  opinion  as  to  volume  of 
light  that  should  be  called  satisfactory  for  a  given 
set  of  conditions,  but  the  conditions  are  so  variable 
that  it  is  practically  impossible  to  lay  down  a  set  rule  ; 
for  instance,  the  amount  of  light  required  varies  vrith 
the  dimensions  of  the  building,  the  height  and  color 
of  ceiling  (when  the  concentric  diffuser  is  not  used), 
color  of  walls,  also  the  number  of  obstructions  in  the 
centre  of  the  area  illuminated  as  well  as  in  the  nature 
of  the  stock,  that  is,  whether  it  is  generally  light  or 
dark,  etc.  Therefore,  each  building  illuminated  practi- 
cally calls  for  a  separate  piece  of  engineering  based 
on  the  particular  condition  to  be  contended  with. 

Close  attention  to  the  matter  of  general  lighting 
and  the  compilation  of  data  have  enabled  us  to 
suggest  some  general  figures  that  will  answer  for 
average  conditions.  We  have  also  added  a  maximum 
'and  a  minimum  to  cover  extremely  good  or  particu- 
larly bad  conditions  of  lighting.  In  any  case,  the 
figures  will  serve  as  a  general  guide. 

It  will  not  be  necessarv  to  differentiate  between 
alternating  or  direct  current  or  units  of  different  sizes, 
as  one  set  of  figures  will  in  general  answer  for  all 
cases.  For  example,  if  the  area  illuminated  has  a 
high-studded  ceiling  of,  say,  14  or  15  feet,  it  is  better 
practice  to  use,  say,  6-ampere  lamps  and  take  advan- 
tage of  the  higher  efficiency  of  the  larger  units.  If, 
on  the  contrary,  the  ceiling  is  low,  say  eight  or  ten 
feet,  and  there  are  a  number  of  obstructions  that 
would  intercept  the  light  from  the  various  lamps,  to 
get  the  best  effect  it  will  be  necessary  to  use  small 
units  of,  say,  four  amperes.  The  better  distribution 
of    the    small    units    in    this    particular  case  will  offset 
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the  higher  efficiency  of  the  larger  units.  The  amount 
of  power  consumed  per  square  foot  should  figure  up 
about  the  same  in  either  case.  When  lapng  out  a 
lighting  plan,  if  the  question  of  a  few  watts  more  or 
less  arises  it  might  be  well  to  bear  in  mind  that  a 
strong  interior  illumination  is  a  valuable  advertising 
feature,  and  in  many  cases  it  would  be  better  policy 
to  add  the  power  frequently  expended  on  the  front 
of  the  building  to  the  lighting  of  the  interior. 

COLOR 

Where  colored  merchandise  is  displayed,  the  ques- 
tion of  uniform  and  steady  illumination  is  of  some- 
what  secondary  importance  in  comparison  with  the 
consideration  of  the  color  or  quality  of  the  light. 
In  general,  we  are  accustomed  to  regarding  the  colors 
of  all  objects  in  nature  as  being  the  property  of  the 
material  itself,  whereas  in  reality  the  color  depends 
upon  the  composition  of  the  light  and  the  power  of 
extinction  of  the  various  objects  illuminated  ;  that  is 
to  say,  natural  bodies  possess  the  power  of  selective 
absorption,  hence  arises  the  phenomenon  of  color. 
When  light  enters  a  body  and  is  totally  absorbed,  the 
object  is  black.  When  all  the  waves  are  equally  ab- 
sorbed, but  not  totally,  the  object  is  gray.  When  the 
various  waves  are  obsorbed  unequally  or  selectively, 
the  object  is  colored.  The  sensation  of  white,  such 
as  produced  by  average  daylight,  is  made  up  of  all 
the  colors  coming  within  the  range  of  color  percep- 
tion. Artificial  lights  differ  from  daylight  more  or 
less  in  their  composition  or  the  proportions  of  the 
different  colors  they  contain  ;  for  instance,  a  light  may 
be  composed  of  too  much  red  or  green,  while  the 
violet  waves  may  not  be  present  in  sufficient  quantity. 
Certain    artificial    lights    emit    too    much    violet    and 
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Others  are  rich  in  yellow.  In  such  cases,  where  the 
balance  is  destroyed,  the  h'ght  is  no  longer  white,  but 
the  excess  or  absence  of  some  particular  shade  is 
clearly  noticeable,  not  only  by  the  color  effect,  but 
also  by  a  lack  of  general  brilliancy  or  distinctness. 

A  piece  of  so-called  red  material  exhibited  in  what 
is  known  as  the  mercury  arc  light  appears  almost 
black,  as  this  light  contains  very  little  red,  and  red 
material  usually  is  not  physically  constituted  so  as  to 
noticeably  reflect  or  re-radiate  any  other  color.  We 
therefore  have  total  absorption,  which  results  in  a 
lack  of  luminosity  of  the  object  upon  which  the  light 
falls. 

Violet  or  blue  materials  displayed  in  the  light  of 
the  Welsbach,  Nernst  or  incandescent  lamps  appear 
dark  and  somewhat  murky  in  character  as  contrasted 
with  their  appearance  in  daylight,  or  arc  light.  Yel- 
lows in  the  light  of  the  Nernst  or  incandescent  be- 
come pronounced,  and  slight  differences  in  pale  yel- 
lows can  hardly  be  distinguished  from  one  another ; 
nor  can  a  very  pale  yellow  be  well  distinguished  from 
white,  as  the  latter  is  capable  of  re-radiating  almost 
as  much  yellow  light  as  the  former.  The  same  is 
true  of  white  and  greens  exhibited  under  the  Wels- 
bach or  hydrocarbon  lights. 

The  white  light  emitted  by  the  inclosed-carbon  arc 
lamp  is  primarily  projected  from  the  crater.  To  this 
is  added  a  certain  amount  of  violet  light,  of  which  the 
arc  is  mainly  constituted.  This  abundance  of  violet 
unbalances  the  spectrum,  and  it  becomes  necessary  to 
use  an  opal  inclosing  globe  to  screen  out  the  excess 
violet  and  bring  the  light  to  an  average  daylight  bal- 
ance. This  is  also  further  improved  by  the  concentric 
diffuser,  which  is  coated  with  enamel,  having  a  select- 
ive   absorption    for   the    short   waves.      We    therefore 
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have  at  our  disposal  means  of  filtering  or  purifying 
cne  arc  light  in  a  higli  degree  so  that  colored  goods 
can  be  displayed  with  practically  daylight  effect. 

In  order  to  bring  out  prominently  the  superiority 
of  the  electric-arc  light  for  color  matching  and  selec- 
tion, three  instruments  have  been  designed,  namely, 
the  para-chromoscope,  the  lumi-chromoscope  and  the 
photo-chromoscope.  With  any  one  of  these  instru- 
ments a  prospective  customer  can  compare  the  effect 
of  different  lights  on  colored  fabric.  The  lumi- 
chromoscope,  for  instance,  is  arranged  so  that  four 
lights,  say  the  arc,  Nernst,  Welsbach  and  incandescent, 
fall  simultaneously  on  ihe  material  under  examination. 
Each  light  forms  a  parch  two  and  one-half  inches 
square,  with  a  black  border  separating  the  squares  so 
as  to  reduce  simultaneous  contrasts  and  gradation. 
The  lights  are  arranged  at  such  a  distance  that  the 
relative  intensities  of  the  various  lamps  on  the  ma- 
terial are  the  same,  thus  eliminating  a  difference  due  to 
tint  and  shade.  The  accompanying  color  charts  are 
reproduced  from  colored  silks  in  the  lumi-chromo- 
scope, and  show  the  appearance  of  the  material  under 
the  four  lights  mentioned.  It  is  very  difficult  to  re- 
produce these  colored  effects  with  great  accuracy,  but 
every  precaution  was  taken  to  make  the  reproduction 
as  nearly  perfect  as  possible. 

8o-voi/r  vKKsrs   loo-voi/r  arcs 

We  have  thus  far  confined  our  attention  to  the 
nominal  104-volt  alternating  and  no-volt  direct-cur- 
rent inclosed-arc  lamps  run  at  about  75  or  80  volts 
at  the  arc.  An  attempt  has  been  made  to  increase 
the  efficiency  of  the  no-volt  direct-current  lamp  by 
raising  the  voltage  at  the  arc  to  100  or  thereabouts. 
When    the    potential    is    thus    raised    from  80  to    100, 
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the  crater,  which  varies  its.  dimensions  only  with  the 
current,  is  not  increased  in  size,  and  as  the  white 
light  emitted  from  the  lamp  is  essentially  crater  light, 
there  is  no  appreciable  gain  from  this  source  by  an 
increase  in  voltage.  There  is,  however,  an  increased 
violet  light,  due  to  the  greater  length  of  the  arc. 
Before  this  is  suitable  for  normal  color  display  the 
excess  violet  must  be  filtered  out  by  using  globes  of 
greater  density  than  those  employed  for  filtering  the 
smaller  amount  of  violet  in  the  8o-volt  arc.  While 
the  opal  globe  has  a  strong  selective  absorption  for 
violet,  it  also  quenches  some  light  throughout  the 
entire  spectrum,  and  by  the  time  the  loovolt  arc  is 
properly  balanced  for  color  the  efficiency  is  reduced 
by  the  absorption  of  the  glass  to  a  point  below  the 
efficiency  of  the  8o-volt  arc  corrected  for  color  to  the 
same  extent.  Furthermore,  the  long  arc  is  unstable, 
and  produces  flickering  quite  apart  from  the  surging 
due  to  the  wandering  of  the  arc  over  the  square 
carbon  tips.  While  the  wandering  is  sufficiently  slow  to 
enable  the  eye  to  accommodate  itself  to  the  changing 
intensity  without  injury,  the  flickering  of  the  exces- 
sively long  arc  is  so  rapid  that  the  eye  can  not 
respond  without  strain,  and  the  effect  is  not  only  dis- 
agreeable but  to  most  eyes  decidedly  injurious.  On 
the  other  hand,  to  obtain  this  apparent  high  efficiency 
of  the  lOOvolt  arc,  expense  must  be  added  to  the 
lamp  in  the  form  of  a  reactive  coil,  which  replaces 
the  dead  resistance,  and  the  mechanism  must  of 
necessity  be  more  delicate  and  the  initial  cost  of  the 
apparatus  correspondingly  increased.  Therefore  the 
efficiency,  on  the  basis  of  watts  at  arc  over  the  watts 

.     .     (         watts  at  arc         ^    .        .  r      ^ 

at  termmals  -.  — — : — : : — r  .-  is   of  far  less  im- 

I  watts    at    termmals  \ 

portance    than     the    consideration    of    the    color    and 
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actual  illuminating  efficiency  of  the  light  itself.  Tu 
give  credence  to  the  former  point  and  neglect  the 
latter  is  liable  to  lead  to  an  unwise  selection  of 
lamps. 

The  foregoing  arguments  against  high-voltage 
inclosed-carbon  arcs  apply  with  still  greater  force  to 
ihe  2.5  or  2.75-ampere,  140  or  160-volt  arc  lamps  run 
on  220-volt  circuits.  The  candle-power  per  watt  of 
these  lamps  is  very  low  and  the  light  is  excessively 
violet,  being  far  beyond  economical  color  control. 
Such  lights  have  a  high  actinic  value  and  may  be 
used  to  advantage  for  photographic  purposes,  but  for 
general  illumination  practically  double  the  efficiency  is 
obtained  by  using  two  80-volt  arcs  in  series. 


WATTS  PER  SgUARE  FOOT  FOR  HIGH-CLASS  ARC  LIGHTING 


Building 


Machine  Shops,  high  roofs,  electrically  driven 

machinery,  no  belts 

Machine  Shops,    low    roofs,    belts    and    other 

obstructions 

Hard  ware  and  Shoe  Store 

Department  Stores,  light  material,  bric-a-brac. j 

Department  Stores,  colored  material , 

Mill  Lighting,  plain  white  goods , 

Mill  Lighting,  colored  goods,  high  looms , 

General  Office,  no  incandcscents 

Drafting  Rooms , 


Average 

Conditions 


75 


75 

25 
I 

3 
5 

75 


Variation 


*  .5     to  I. 

.75  to  r.25 

.5  to  I. 

.75  to  1.25 

I.  to  1.5 

.9  10  1.3 

I.I  to  1.5 

1.25  to  1.75 

1.5  to   2. 


*  Energy  based  on  watts  at  lamp  terminals. 
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FOURTH  SESSION 

President  Ferguson  called  the  meeting  to  order  at  ten 
minutes  after  two  o'clock,  and  announced  the  first  business  of 
the  afternoon  session  to  be  the  paper  on  "  First  Aids  and  Appli- 
ances," by  Dr.  J.  D.  McGowan. 


Dr.  McGowan  presented  the  following  paper : 

FIRST    AIDS    AND    APPLIANCES 


.  I  believe  this  is  the  first  time  in  the  history  of 
this  association  that  any  paper  pertaining  to  relief  of 
the  injured  has  been  read  at  its  meetings ;  and  it  is 
one  of  the  gratifying  signs  of  the  times  that  the 
interests  of  others  than  the  members  of  the  medical 
profession  are  being  awakened,  not  only  to  measures 
for  the  prevention  of  disease,  but  also  for  preventing, 
so  far  as  it  is  possible  to  do  so,  some  of  the  un- 
fortunate results  of  either  improper  treatment  or  no 
treatment  at  all  in  cases  of  accident,  whether  of  a 
serious  or  an  apparently  trifling  character. 

Owing  to  the  prompt  application  of  first  dressings, 
in  the  late  war  between  the  United  States  and  Spain, 
the  records  of  the  surgical  department  of  the  army 
and  navy  show  a  smaller  percentage  of  loss  of  life  or 
limb  than  in  any  previous  campaign. 

As  all,  or  nearly  all,  of  your  shops  are  in  large 
cities  and  towns  where  the  services  of  a  surgeon  can 
be  readily  obtained,  and  no  great  amount  of  time 
need  elapse  from  the  moment  of  accident  to  the 
obtaining  of  skilled  surgical  aid,  I  will  not  go  into 
an  elaborate  detail  of  all  that  should  be  done,  as  it 
is  far  better  to  do  too  little  than  too  much. 

If  your  shop  is  in  Pennsylvania,  you  may  have  in 
vour  employ  a  young  man  who  has  a  brother  practic- 
ing medicine  in  Iowa,  and  such  relationship  is  apt  to 
make  him  believe  he  has  the  medical  instinct  which 
gives  him  a  knowledge  superior  to  his  fellows.  If 
you  have  such  a  man  about,  and  an  accident  happens, 
send  him  for  a  doctor. 


340 

It  is  well  to  have  on  hand  at  all  shops  or  factories 
a  box  containing  the  necessary  articles  for  the  appli- 
cation of  first  aid  (such  a  box  I  will  now  pass  around 
for  your  inspection),  and  have  a  few  of  your  intelli- 
gent foremen  instructed  in  their  use. 

When  an  accident  happens : 

Do  not  get  excited. 

Send  for  a  surgeon ;  tell  him  briefly  the  nature  of 
the  injury. 

Remove  the  injured  man  to  a  quiet,  well-ventilated 
place,  neither  hot  nor  cold,  away  from  the  noise  of  the 
engine-room  and  machinery,  and  place  him  in  as  com- 
fortable a  position  as  possible  ;  lay  hini  upon  his  back, 
with  his  head  on  a  level  with  his  body,  and  his  limbs 
in  a  natural  position. 

Allow  nobody  near  except  those  who  are  needed 
to  care  for  him. 

Do  not  let  him  know  that  his  condition  is  seri- 
ous ;  encourage  him  all  you  can. 

If  the  head  has  been  injured,  it  should  be  raised 
somewhat  higher  than  the  rest  of  the  body. 

Loosen  his  clothing  at  neck  and  waist ;  if  patient 
faints,  lower  his  head  and  raise    his  feet. 

If  arm  or  leg  is  injured,  it  may  be  slightly  raised 
and  laid  on  a  cushion  ;  a  cushion  may  be  made  with 
old  clothing  or  any  soft  material. 

If  he  vomits,  or  tries  to  do  so,  turn  his  body  on 
one  side,  with  the  chin  low,  so  that  the  contents  of 
the  stomach  may  flow  from  the  mouth. 

If  the  wound  is  found  covered  by  clothing,  cut 
the  clothing  in  the  seam  and  remove  only  enough  to 
show  the  wound.  In  case  of  burns,  pour  lukewarm 
water  over  the  clothing  before  attempting  to  remove 
it  ;  otherwise  you  are  liable  to  pull  off  the  charred 
skin  and    leave    a   large,    raw   surface   open    for   infec* 
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tion.     Cover  all  wounds  and   burns  as  quickly  as  pos- 
sible. 

In  examining  a  wound,  wrap  some  antiseptic  gauze 
around  the  fingers  before  touching  it.  Do  not  attempt 
to  cleanse  a  wound ;  expose  it  and  apply  some  anti- 
septic gauze,  or  the  contents  of  this  little  package, 
called  **  first  help  for  wounds,"  and  wait  for  the  sur- 
geon to  cleanse  the  parts. 

BLEEDING 

From  the  arteries,  blood  is  bright  red,  and  comes 
in  spurts  or  jets,  as  from  a  small  hose.  This  should 
be  immediately  stopped  if  possible,  and  the  best  method 
is  to  apply  pressure  over  the  artery  at  some  point 
nearer  the  heart  than  the  point  of  bleeding,  selecting  a 
place  where  the  artery  is  near  the  surface  of  the  body. 
I  sfiow  you  here  a  roughly  made  chart  on  which  I 
have  attempted  to  outline  the  course  and  position  of 
the  main  arteries,  pointing  out  the  best  location,  accord- 
ing to  nature  of  wound,  to  apply  the  pressure.  First, 
apply  several  thicknesses  of  gauze  over  the  wound 
(having  fingers  wrapped  in  a  separate  piece  of  gauze 
before  handling),  and  bind  tightly  with  roller  bandage; 
then  over  the  point  selected  between  the  wound  and 
the  heart,  apply  pressure,  using  anything  at  hand  for 
the  purpose — a  piece  of  rubber  tubing,  such  as  is 
used  for  gas  piping,  is  best,  a  pair  of  suspenders,  a 
rope  or  a  bandage ;  bind  the  parts  tightly  and  leave 
them  until  the  aid  of  a  surgeon  can  be  obtained. 

From  the  veins,  blood  is  of  dark-red  color  and 
flows  out  or  wells  up  freely  from  the  wound.  Apply 
pressure  directly  over  wound,  using  wad  of  gauze  and 
bandage. 

When  the  blood  oozes  from  the  wound,  apply 
gauze  and  bandage. 
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In  case  of  bleeding,  keep  the  patient  in  a  horizontal 
position  ;  if  bleeding  from  a  limb,  elevate  the  limb ;  keep 
the  patient  warm.  When  bleeding  has  ceased,  hot 
drinks  may  be  given. 

Do  not  leave  tight  bandage  on  a  limb  too  long  ;  the 
bandage  may  be  loosened  after  fifteen  minutes,  and 
reapplied  with  diminished  pressure.  In  rupture  of 
varicose  veins,  elevate  the  limb,  loosen  clothing,  and 
bandage  firmly  below  the  wound,  and  apply  a  com- 
press over  the  bleeding  vein. 

When  a  man  faints  from  loss  of  blood,  lower  the 
head  and  raise  the  limbs ;  be  ready  to  apply  compress, 
if  bleeding  starts  up  again.  The  method  of  arresting 
bleeding  from  special  parts  I  can  better  illustrate  than 
describe,  and  if  I  can  find  a  willing  victim  in  the 
audience  to  assist  me  in  the  illustration,  I  will  occupy 
as  little  of  your  time  as  possible  in  showing  how  this 
is  done. 

Do  not  cover  a  wound  with  any  dressing  that  is 
not  sterilized. 

Do  not  forget  to  elevate  the  limb. 

Do  not  put  on  cobwebs,  tobacco,  or  shellac,  or 
salve. 

Do  not  disturb  blood  clots. 

Do  not  give  whiskey  or  brandy. 

Do  not  leave  a  wound  uncovered  after  the  bleed- 
ing has  stopped. 

For  internal  bleeding,  apply  ice-cold  cloths  to 
abdomen  ;  lower  the  head  slightly. 

WOUNDS 

In  injuries  to  the  head,  place  the  patient  on  his 
back,  with  head  resting  upon  a  cushion  covered  with 
a  clean  towel. 

The  arm,  when  injured,  should  be  brought  across 
in  front  of  the  chest  and  supported  by  a  sling. 
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The  lower  limb  should  be  supported  on  a  cushion 
or  blanket. 

In  chest  wounds,  the  head  and  shoulders  should 
be  raised  by  one  or  more  pillows  until  patient  can 
breathe  comfortably. 

In  wounds  of  abdomen,  patient  should  lie  down, 
with  knees  drawn  up  and  turned  toward  injured  side; 
if  wound  be  in  front,  place  him  on  his  back. 

After  covering  a  wound  of  any  kind,  do  not 
uncover  it ;  put  on  more  bandages  if  it  bleeds. 

In  bruises  or  sprains,  apply  hot  water,  as  hot  as 
can  be  borne ;  if  an  ankle  is  sprained,  or  foot  crushed, 
place  it  in  a  bucket  of  hot  water,  keeping  the  water 
hot  by  adding  more  hot  water  as  required. 

FRACTURES 

These  may  be  simple  or  compound.  A  compound 
fracture  is  where  there  is  an  external  wound  com- 
municating with  the  fracture.  This  may  be  caused  by 
one  end  of  the  fractured  bone  penetrating  through  the 
skin,  or  by  a  spike  or  rifle  ball  or  some  other  missile 
piercing  the  skin  and  tissues  to  the  seat  of  fracture.. 

Place  the  patient  in  a  comfortable  position,  suj> 
porting  the  injbred  member  upon  a  cushion  of  some 
kind,  which  may  be  made  with  any  soft  material  at 
hand.  If  possible  to  remove  the  clothing  without 
causing  much  pain,  it  is  best  to  do  so.  In  simple 
fractures  this  is  not  absolutely  necessary,  as  a  splint 
can  be  applied  over  the  clothing,  using  the  latter  for 
a  pad. 

In  compound  fractures,  dress  the  wound  with  the 
contents  of  the  first-aid  packets,  or  with  antiseptic 
gauze,  before  applying  splint. 

Do  not  attempt  to  set  the  bone ;  merely  try  to 
put    the    injured    part    in  a  position    where   it  can    be 
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held  securely,  so   as   to  prevent   the   fractured   ends  of 
the  bone  from  rubbing  together  and  causing  pain. 


SPLINTS 

» 

The  chest  can  be   used  as  a   splint  for  the  arm  by- 
binding  the  arm  to  the  side  with  a  roller  bandage. 

The  uninjured  leg  may  be  used  as  a  splint  for  the 
injured  one. 

A  splint  must  be  long  enough  to  keep  the  joints 
above  and  below  the  injury  at  rest. 

The  splint  should  be  a  little  wider  than  the  thick- 
ness of  the  limb. 

The  splints  should  be  padded  with  some  soft 
material,  such  as  sheet  wadding,  cotton,  etc. 

If  two  splints,  one  on  each  side  of  the  limb,  can  be 
applied,  all  the  better. 

Material  for  splints  is  usually  easy  to  obtain  :  cigar 
boxes,  pasteboard,  laths,  shingles,  barrel  staves,  broom 
handles,  canes,  shovels,  umbrellas,  desk  rulers,  fruit 
baskets,  etc.     Any  of  these  may  be  used. 

Place  the  splint  on  either  side  of  the  injured  limb, 
have  the  splints  well  padded  and  secure  them  to  the  limb 
with  a  roller  bandage,  or  a  handkerchief ;  towels,  sus- 
penders, cord  or  straps  may  be  used  if  the  bandages 
are  not  at  hand. 

Some  one  should  support  the  limb  by  slipping  the 
hands  gently  under  it,  above  and  below  the  injury, 
while  the  others  are  applying  the  splints. 

In  fractures  of  the  skull,  place  patient  on  his  back 
with  head  and  shoulders  slightly  raised,  and  keep  quiet 
until  surgeon  arrives.  If  there  is  a  scalp  wound,  place 
some  antiseptic  gauze  over  the  wound. 

In  fractures  of  spine,  keep  patient  flat  on  his  back. 
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In  fractures  of  collar  bone,  place  pad  under  armpit, 
and  bandage  arm  to  side.     Patient  is  best  on  his  back. 

In  fracture  of  ribs,  patient  should  be  moved  as 
little  as  possible.  Keep  head  and  chest  elevated  ;  let 
him  lie  on  his  back  or  on  the  uninjured  side. 

In  fracture  of  thigh^  ripply  a  long  splint  made  of 
board,  to  extend  from  below  the  foot  to  above  the 
hip,  first  drawing  the  limb  out  to  its  full  length,  and 
bandaging  the  splint  to  the  leg  at  the  ankle,  the  knee, 
and  about  the  waist. 

In  fracture  of  knee-pan,  place  a  pad  in  the  hollow 
under  the  knee  and  apply  a  splint  to  the  back  of  the 
leg,  keeping  the  leg  straight. 

In  fracture  of  leg  below  the  knee,  place  the  leg 
gently  in  a  pillow  and  bind  the  pillow  to  the  leg. 
If  no  pillow  is  at  hand,  apply  a  board  splint  (taken 
from  a  fruit  basket)  to  either  side  of  leg  and  bandage, 
being  careful  not  to  bandage  too  tightly. 

If  a  patient  is  to  be  carried  some  distance,  bind 
the  injured  leg  to  the  other  limb,  after  applying 
splints. 

In  fracture  of  upper  arm,  place  a  pad  in  the  arm- 
pit and  draw  the  elbow  to  the  side  ;  bind  the  upper 
arm  to  the  side  of  the  chest  and  put  the  fore-arm  in 
a  sling. 

In  fracture  of  fore-arm,  make  a  splint  from  a  cigar 
box,  or  a  piece  of  wood  long  enough  to  extend  from 
the  fingers  to  near  the  elbow;  place  this  on  inner 
side  of  arm  and  another  piece  over  the  back  of  arm, 
and  bandage. 

In  fracture  of  fingers,  bind  one  finger  to  the  other, 
after  placing  card-board  splint  under  the  fractured 
member. 
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BURNS 

Burns  are  of  three  degrees : 

First — Simple  reddening  of  the  skin. 

Second — When  blisters  form. 

Third — Charring  of  skin  and  ulceration. 

Remove  clothing  carefully ;  cover  burned  surface 
quickly  to  exclude  air ;  pour  on  oil.  A  mixture  of 
equal  parts  of  linseed  oil  and  lime  water  forms  the 
best  and  most  convenient  dressing  for  first  aid,  and 
should  be  kept  on  hand,  in  well-corked  bottles,  in 
every  shop  where  a  workman  is  liable  to  be  burned. 
Pour  this  freely  on  the  surface,  apply  sterilized  gauze 
and  saturate  that,  then  a  layer  of  absorbent  cotton, 
and  soak  that  with  the  oil.  When  the  burn  covers 
a  large  surface,  expose  and  dress  a  small  area  at  a 
time.  When  a  man's  clothing  is  on  fire,  throw  him 
down  and  roll  him  over  to  extinguish  the  flame,  or 
wrap  him  in  a  blanket,  or  some  woolen  material,  and 
press  the  burning  points  from  the  outside. 

If  no  oil  is  at  hand  use  a  warm  solution  of  bak- 
ing soda  in  water ;  or  use  white  of  egg,  or  powdered 
starch,  or  toilet  powder. 

When  a  burn  is  very  extensive,  and  patient  is  in  a 
state  of  shock  and  grave  danger,  if  there  is  a  bath- 
tub available,  wrap  him  in  a  sheet,  clothes  and  all, 
and  lower  him  into  the  bath-tub,  vvhicli  should  be 
filled  with  tepid  water.  He  may  be  kept  there  many 
hours  with  his  head  above  the  water.  This  is  the 
best  method  to  relieve  pain  and  to  prevent  the  dan- 
ger from  shock 

Burns  from  ammonia,  lye,  etc..  should  be  bathed 
freely  with  water,  then  with  vinegar,  and  then  with 
oil. 

Burns  from  vitriol  or  other  acids  should  be  washed 
with    water,  then    a   solution    of   soda   or   lime  water. 
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mortar   or   chalk    may   be  used ;    afterwards   apply  the 
oil. 

A  fragment  of  lime  in  the  eye  should  be  washed 
out  with  water,  and  the  eye  bathed  with  a  weak  solu- 
tion of  vinegar  or  lemon  juice. 

TRANSPORTATION    OF    WOUNDED 

The  four-handed  seat  is  made  by  two  persons  clasp- 
ing each  other's  wrists,  as  I  now  show.  Doubtless 
many  of  you  have  done  this  in  your  boyhood  days 
at  school. 

After  the  hands  are  clasped  together,  the  bearers 
stoop  down  behind  the  patient,  who  sits  on  the  hands, 
and  places  one  arm  around  the  neck  of  each  bearer. 

The  two-handed  seat  is  made  by  two  bearers  clasp- 
ing their  hands  and  placing  their  free  hands  on  each 
other's  shoulders.  A  bearer  stands  on  each  side  of 
the  patient  and  passes  one  arm  under  his  knees  and 
clasps  the  hand  of  the  other  bearer ;  the  bearers  then 
pass  their  arms  around  the  back  of  the  patient  and 
grasp  each  other's  shoulders. 

The  **  pick-a-back "  method  may  also  be  sometimes 
used.  A  temporary  stretcher  may  be  made  by  turning 
the  sleeves  of  a  coat  inside  out ;  two  stout  poles  are 
then  passed  through  them  and  the  coat  is  buttoned. 
The  patient  sits  on  this  and  rests  against  the  back  of 
the  first  bearer.  To  make  a  longer  stretcher,  treat 
two  coats  in  the  same  way. 

Two  sacks  may  be  taken  ;  a  hole  is  made  in  each 
corner  of  the  bottom,  and  two  poles  are  passed  through 
the  sack  and  out  of  the  holes. 

A  broad  board  or  shutter  may  be  used  as  a  stretcher; 
if  used,  some  hay,  straw  or  clothing  should  be  placed 
on  it,  and  then  a  piece  of  stout  cloth  or  sacking ;  the 
sacking  is  useful  in  taking  the  patient  off  the  stretcher. 
Always  test  the  stretcher  before  using. 
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Never  allow  stretchers  to  be  carried  on  the  bearers' 
shoulders. 

Always  carry  patient's  feet  foremost,  except  when 
going  up   hill. 

The  **  first-aid  package,"  or  **  accident  case,**  which 
I  have  shown  you,  contains  many  things  that  are  in- 
valuable to  the  layman  in  applying  relief  to  the 
injured  ;  there  are  also  some  articles  contained  therein 
which  none  but  a  surgeon  should  be  permitted  to 
touch,  such  as  needles,  sutures,  etc. 

If,  however,  the  surgeon,  hastily  summoned,  should 
have  omitted  to  bring  with  him  all  the  requisites  for 
cleansing,  suturing  and  dressing  a  wound,  it  would  be 
very  gratifying  to  him  to  find  everything  ready  for  him 
in  such  a  convenient,  compact  form. 

I  wish  to  show  you  also  the  Chicago  Edison 
emergency  box,  the  product  of  Mr.  W.  L.  Abbott's 
ingenious  brain.  One  of  these  boxes  is  carried  on 
each  wagon. 

It  contains  a  box  of  Edison  ointment,  of  whose 
healing  properties  we  are  justly  proud,  a  gauze  bandage, 
a  first-aid  j^ackage,  a  hypodermic  syringe,  and  a  solu- 
tion containing  one-twentieth  of  a  grain  of  strychnine 
to  each  barrel  of  syringe.  The  strychnine  is  to  be 
used  to  inject  under  the  skin  of  a  man  who  receives 
a  shock  from  the  high-tension  wires.  If  a  doctor  is 
near  by,  it  is  well  to  have  the  solution  ready  for  him ; 
in  the  absence  of  a  doctor  the  foreman  is  instructed 
how  to  use  the  svriniJ^e. 

siiOCK 

Shock  is  common  after  serious  accident,  injury, 
burn,  or  from  the  electric  current. 

The  symptoms  or  signs  of  shock  are  cool,  clammy 
skin,  vomiting   and    retching,  weak,   rapid    pulse,  sigh- 
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ing  or  irregular  breathing,  half-opened  eyelids,  dilated 
pupils,  dullness  of  intellect  and  sometimes  insensibility. 

Place  the  patient  in  a  warm,  quiet  place ;  after 
dressing  wounds,  wrap  him  in  warm  material  and 
apply  heat  to  the  whole  body,  using  hot-water  bottles, 
water-bags,  hot  bricks,  blankets,  flannels  wrung  out  of 
hot  water  (no  heat  to  head),  hot  drinks  (coffee  best), 
spirits  of  ammonia  diluted  with  water,  or  small  amount 
of  whiskey. 

Electric  Shocks.  Susceptibility  to  shock  depends 
upon  the  individual ;  women  and  children  being  less 
resistant  than  men.  Diseases  of  heart  and  kidneys 
predispose  to  accident  from  electric  shock.  Do  not 
lower  the  head  of  a  person  who  has  received  electric 
shock.  Artificial  respiration  should  be  kept  up  for 
hours.  Massage  of  abdomen  and  left  side  over  the 
heart.     Heat   to  body  as  above. 

Remove  patient  to  a  room  in  some  adjacent  house ; 
remove  most  of  his  clothing ;  apply  hot-water  bottles 
to  body  and  limbs,  wrap  feet  in  hot  wet  cloths. 
Apply  artificial  respiration  as  shown  below.  Do  not 
get  discouraged  if  patient  does  not  shown  signs  of 
life  ;  keep  up  the  work  for  several  hours.  Men  have 
been  brought  back  to  life  after  ten  hours  of  hard  work, 
so  work  on  patiently  and  constantly  and  you  may 
bring  back  a  fellow  workman  who  is  apparently  dead. 

Artificial  respiration  is  produced  as  follows,  when- 
ever it  is  required :  Face  upwards ;  the  hard  roll  of 
clothing  beneath  thorax,  with  shoulders  slightly  declin- 
ing over  it ;  head  and  neck  bent  back  to  the  utmost. 
Hands  on  top  of  head ;  (one  twist  of  handerchief 
around  the  crossed  wrists  will  keep  them  there);  rip 
or  strip  clothing  from  waist  and  neck ;  kneel  astride 
patient's  Hips ;  place  your  hands  upon  his  chest,  so  that 
the  ball  of  each  thumb  and  little  finger  rests  upon  the 


inner  margin  of  the  free  border  of  the  costal  cartilages, 
the  tip  of  each  thumb  near  or  upon  the  xiphoid  cartilage, 
the  fingers  fitting  into  the  corresponding  intercostal 
spaces ;  fix  your  elbows  firmly,  making  them  one  with 
your  sides  and  hips ;  then — 

Pressing  upwards  and  inwards  towards  the  diaphragm, 
use  your  knees  as  a  pivot,  and  throw  your  weight  slowlv 
forwards  two  or  three  seconds  until  your  face  almost 
touches  that  of  the  patient,  ending  with  a  sharp  push 
which  helps  to  jerk  you  back  to  your  erect  kneeling 
position.  Rest  three  seconds ;  then  repeat  this  bellows- 
blowing  movement  as  before,  continuing  it  at  the  rato 


of  seven  to  ten  times  a  minute ;  taking  the  utmost 
care,  on  the  occurrence  of  a  natural  gasp,  gently  to  aid 
and  deepen  it  into  a  longer  breath,  until  respiration 
becomes  natural.  When  practical,  have  the  tongue 
held  firmly  out  of  one  corner  of  the  mouth  with  thumb 
and  finger  armed  with  dry  cotton  rag.  Avoid  impatient 
vertical  pushes ;  tlie  force  must  be  upward  and  inward, 
increased  gradually  from  zero  to  the  maximum  as  the 
age,  sex,  etc.,  may  indicate.  Abandon  no  case  as 
hopeless  within  an  hour's  useless  effort. 

The  following  methods  may  be  employed :  (i)  lay 
ibc  patient  on  his  baek,  with  the  shoulders-  elevated, 
draw  the    tongue   forcibly    forwards,  grasp  the   arms  at 
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the  elbow  and  carry  them  upwards  firmly  until  they 
nearly  meet  above  his  head,  then  lower  them  to  the 
side,  and  make  firm  compression  upon  the  lower  part 
of  the  breast-bone ;  repeat  this  process  twelve  to  four- 
teen times  in  the  minute.  Or  (2)  turn  the  body 
gently  and  completely  on  the  side  and  a  little  beyond, 
and  then  on  the  face,  alternately ;  repeating  these 
measures  deliberately,  efficiently,  and  perseveringly, 
fifteen  times  in  a  minute. 


DISCUSSION 

Thi  President  :  Gentlemen,  you  have  heard  the  paper  of 
Dr.  McGowan,  and  it  is  now  open  for  discussion.  I  think  Mr. 
Lieb  has  a  communication  along  this  line,  and  we  shall  be  glad 
to  hear  from  him. 

Mr.  Lieb  :  Dr.  McGowan  has  given  such  an  able  and  com- 
prehensive treatment  of  the  subject,  that  it  would  only  be  taking 
up  your  time  unnecessarily  to  present  a  few  notes  that  were  pre- 
pared by  the  physician  of  the  New  York  Edison  company, 
covering  much  the  same  ground,  though  much  less  exhaustively 
than  Dr.  McGowan's  paper.  I  will  hand  these  notes  to  the 
secretary  for  incorporation  in  the  minutes. 

As  I  am  on  my  feet,  I  can  not  help  congratulating  Dr. 
McGowan  on  his  admirable  presentation  of  this  interesting  sub- 
ject ;  a  subject  perhaps  foreign  to  the  usual  programme,  but 
which  shows  that  we  all  have  the  welfare  and  health  of  our 
men  at  heart.  I  am  sure  that  every  one  who  has  heard  Dr. 
McGowan's  remarks  will  have  gained  some  useful  and  valuable 
information  that  will  redound  to  the  benefit  of  the  employees 
of  the  company  he  represents.  I  feel  particularly  grateful  to 
Dr.  McGowan  for  his  emphasis  on  the  persistence  of  efforts  at 
resuscitation,  and  that  these  efforts  be  extended  over  a  consider- 
able period  of  time  until  all  hope  shall  have  disappeared.  We 
must  all  feel  very  grateful  to  Dr.  McGowan  for  his  admirable 
presentation  of  the  subject. 

Mr.  Gille  :  It  seems  to  me  that  it  would  be  wise  for  the 
association  to  consider  the  matter  of  publishing  this  paper  for 
distribution,  so  that  it  will  get  into  the  hands  of  the  employees 
of  ail  the  companies  represented.     It  is  very  important,  and  I 
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think  that  nearly  all  employees  who  handle  the  high-tension 
current  do  not  appreciate  the  fact  that  keeping  up  efforts  for 
resuscitating  persons  who  have  been  in  contact  with  electric 
currents  oftentimes  meets  with  success.  I  should  like  to  see  the 
paper  printed  so  that  it  can  be  distributed  among  the  employees 
of  the  various  companies,  in  order  that  they  may  become 
familiar  with  it.     I  make  that  as  a  motion. 

(Mr.  Gille's  motion  was  carried.) 

Mr.  Lieb  :  I  wish  to  ask  Dr.  McGowan  a  question,  and  that 
is,  if  it  is  a  fact  that  an  electric  burn  is  much  more  serious  and 
difficult  of  cure  than  an  ordinary  burn,  and,  if  so,  why  ? 

Dr.  McGowan  :  The  electric  burn  is  entirely  different  from 
an  ordinary  burn,  such  as  you  get  from  a  flame  or  from  scalding 
water.  It  depends  on  how  you  get  the  burn.  If  you  make  a 
short-circuit  and  get  a  flash  burn,  the  treatment  of  that  burn 
is  the  same  as  the  burn  from  any  flame — from  fire  of  any  kind  ; 
but  if  you  get  a  contact  burn,  where  you  put  your  hand  on 
something  that  has  live  current,  the  current  passes  through  the 
tissues  and  destroys  the  tissues  through  which  it  passes,  the 
time  of  contact  determining  the  amount  of  injury  that  is  done. 
If  the  contact  is  short,  the  current  does  not  penetrate  very 
deeply  through  the  tissues.  I  have  a  man  under  my  care  now 
whose  finger  I  am  going  to  amputate  to-morrow.  He  is  a  car- 
penter, and  was  working  behind  the  switchboard.  He  stepped 
upon  a  regulator  and  grasped  an  iron  bar  with  his  hand.  He 
did  not  get  away  until  released  by  one  of  the  men  after  the  cur- 
rent had  been  shut  off.  The  current  passed  into  the  finger  on 
both  sides,  near  the  knuckle  of  the  hand,  and  destroyed  every- 
thing to  the  bone.  As  the  blood  vessels  were  burned  through, 
the  circulation  of  blood  through  the  finger  ceased  and  gangrene 
set  in.  He  has  also  a  large  burn  on  his  leg.  The  dead  tissue 
sloughs  or  rots  away  in  the  course  of  two  or  three  weeks,  and 
then  the  new  tissue  grows  and  fills  in  the  space.  This  process 
of  repair  takes  a  long  time.  An  ordinary  flame  burn,  or  flash 
burn  from  short-circuit,  ought  to  get  well  inside  of  two  or  three 
weeks,  but  severe  electric  burns  take  two  or  three  months  to 
heal — sometimes  longer — on  account  of  the  destruction  of  tissue. 

Mr.  J.  D.  DusMAN  (York,  Pa.)  :  What  ought  to  be  done 
in  case  of  a  flash  in  front  of  a  man's  eyes  ?  I  have  suffered 
twice  from  such  flashes.  No  evil  effects  followed,  because  I 
was  in  each  case  close  to  an  eminent  oculist.  What  should  be 
done  in  a  small  station  in  such  a  case  ? 
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Dr.  McGowan  :  Cases  of  burning  of  the  eyes  from  flash 
are  frequent.  The  best  thing  to  do  is  to  drop  some  sweet  oil — 
which  must  be  perfectly  clean,  or  some  castor  oil,  if  the  castor 
oil  is  perfectly  pure  and  sweet — into  the  eye,  then  a  solution  of 
boracic  acid,  and  to  ease  the  pain  use  a  little  cocaine.  Take 
some  boracic  acid  and  put  a  little  in  water — it  does  not  make 
any  difference  how  much  you  use,  because  you  will  get  only  a 
certain  strength — and  make  a  saturated  solution  of  boracic  acid, 
and  drop  that  into  the  eye  every  hour  or  two.  If  the  pain  is 
severe  put  in  a  little  cocaine,  two-per-cent  solution,  to  relieve 
the  pain.  Continue  this  treatment  for  a  few  days  and  the  eyes 
will  be  all  right. 

Mr.  Jackson  :  There  are  some  cases  where  the  shock  ap- 
parently produces  spasms,  and  under  those  circumstances  the 
men,  as  a  rule,  know  absolutely  nothing  of  what  to  do.  I  should 
like  to  know  what  should  be  done  under  such  circumstances 
before  the  doctor  comes.  I  know  of  three  cases  where  the  shock 
seemed  to  produce  nothing  further  than  spasms,  and  in  one  case 
these  continued  for  three  hours. 

Dr.  McGowan  :  The  best  thing  to  do  under  those  condi- 
tions would  be  to  put  the  man  in  a  hot  bath,  as  hot  as  he  can 
bear  it ;  do  not  move  him  ;  keep  him  quiet  and  bathe  him.  If 
you  have  no  place  in  which  to  bathe  him,  wring  out  some  cloths 
in  hot  water  and  put  these  over  his  body.  That  is  the  best 
thing  to  do  until  the  doctor  comes. 

Mr.  Bertrand  :  In  case  a  man  is  badly  shocked  and  no 
assistance  is  available  for  some  length  of  time,  how  long  after 
the  shock  would  it  be  worth  while  to  administer  artificial 
respiration  ? 

Dr.  McGowan  :  That  is  pretty  hard  to  say.  If  you  reach 
the  man  within  half  an  hour  after  he  has  had  the  shock,  I  think 
it  would  be  worth  while  to  take  measures  to  bring  him  to  life  ; 
after  half  an  hour  it  would  be  useless  to  make  the  attempt. 

Mr.  Lewis  :  We  had  a  case  of  very  severe  burning  a  few 
weeks  ago.  A  man  undertook  to  pull  the  plugs  on  a  board  and 
grasped  the  handles  in  such  a  manner  that  his  index  fingers 
touched  the  brass  ferrules.  On  taking  hold  of  the  plugs  he  un- 
locked one  of  them.  The  dead  short-circuit  made  him  uncon- 
scious, and  the  unlocked  plug  came  out  as  he  fell,  and  saved  his 
life.  After  some  time  he  came  to,  but  his  fingers  were  burned 
to  the  bone.  He  had  a  physician  dress  them  for  three  weeks, 
with  but  little  improvement.     One  of  the  men  at  the  power- 
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house  suggested  that  he  use  powdered  bismuth.  This  he  did, 
and  found  that  the  affected  parts  healed  very  rapidly,  and  he 
was  able  to  do  his  work  in  a  very  short  time.  It  occurred  to 
me  to  suggest  the  powdered  bismuth,  so  that  it  might  be  tried 
by  others. 

Mr.  Burt  :  Two  of  our  men  were  pulling  out  a  wire  and  it 
accidentally  became  crossed  with  a  20,000-volt  line.  One  of  the 
men  let  go  and  the  other  maintained  his  hold.  He  is  alive  and 
well  to-day,  due  to  the  fact  that  the  wire  he  held  was  stretched 
for  several  rods  on  the  ground,  and  to  the  promptness  of  the 
foreman,  who  took  off  his  coat  and  wrapped  it  in  a  bundle  in 
such  a  way  as  to  protect  himself  and  then  wound  it  around  the 
wire  and  pulled  it  out  of  the  man's  hand.  The  man  was.  insen- 
sible, his  tongue  protruded,  and  he  was  black  in  the  face.  The 
foreman  simply  stuck  his  finger  into  the  man's  mouth  and 
released  the  tongue  so  that  he  could  get  air,  and  then  worked 
over  him  for  quite  a  long  time.  The  man  came  into  the  office 
an  hour  and  a  half  later,  and  although  he  had  14  burns  from 
head  to  foot  and  it  took  him  four  months  to  recover,  he  is  alive 
and  well  to-day. 

Dr.  McGowan  :  I  will  simply  remark,  in  closing,  that  if  you 
will  insist  on  the  men  wearing  rubber  gloves  when  they  are  at 
work  you  will  save  a  lot  of  expense. 

CONTRIBUTION  BY  DR.  JOHN  WOODMAN,  COMPANY 
PHYSICIAN  OF  THE  NEW  YORK  EDISON  COM- 
PANY, TO  DISCUSSION  OF  DR.  McGOWAN'S 
PAPER : 

Each  station  of  the  New  York  Edison  company  is  supplied 
with  a  medicine  chest  supported  from  the  wall  by  brackets. 
This  medicine  chest  has  several  shelves,  is  provided  with  a  glass 
door,  and  contains  the  following  equipment : 

One-half  pound  of  absorbent  cotton 

One-half  dozen  2V^-inch  gauze  bandages  done  up  in  individual  papers 

One-half  dozen  2-inch 

One-half  dozen  I i.;-inch      " 

Carron  oil 

Linseed  oil 

Lime  water 

Carron  oil  mixture  is  particularly  good  for  burns,  and  its 
use  is  generally  understood  by  the  workmen.      It  should   be 
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supplied  in  quantities  not  greater  than  one  quart  at  a  time.     It 
is  very  important  that  the  lime  water  used  be  fresh. 

For  an  antiseptic  cleansing  and  soothing  solution,  suitable 
for  open  wounds  or  burns,  one  teaspoonful  of  carbolic  acid  and 
one  teaspoonful  of  borax,  well  mixed  in  a  pint  of  pure  water,  is 
found  to  be  excellent  for  general  use. 

Where  there  is  not  too  great  pain  it  is  well  to  apply  dry 
dressings  and  allow  the  physician  to  properly  clean  up  and 
dress  the  wound  upon  his  arrival. 

Where  there  must  necessarily  be  considerable  delay  before 
the  arrival  of  medical  assistance,  the  wound  should  be  dressed 
as  well  as  possible  with  clean  waste  or  the  cleanest  cloth  obtain- 
able in  the  absence  of  regular  bandages. 

The  application  of  sticking  plaster  by  moistening  with 
saliva  and  the  time-honored  custom  of  applying  the  tobacco 
quid  are  to  be  condemned.  Avoid  mopping  the  wound,  as  it 
interferes  with  clotting.  A  tourniquet  should  be  applied  only 
when  other  means  fail. 

Hemorrhage  is  best  stopped  by  elevating  the  part  affected 
and  usinc^  direct  pressure. 

Tinctures  of  iodine  and  arnica  must  not  be  used  on  fresh 
injuries. 

Infected  wounds  are  often  wrongly  attributed  to  copper 
dust.     Salts  of  copper  are  slightly  irritating  but  antiseptic. 

For  sprains,  bruises,  and  even  for  fresh  cuts,  we  use  folds 
of  bandages  of  absorbent  cotton  wet  in  Pond's  extract  of  witch 
hazel,  and  apply  the  bandage  firmly,  to  prevent  undue  swelling 
or  either  deep  or  external  hemorrhage. 

Fireman's  cramps  are  almost  invariably  due  to  drinking  too 
much  iced  water,  and  cholera  drops  should  be  given  rarely  and 
never  continuously,  as  they  contain  opium. 

Heat-stroke  cases  do  not  ordinarily  occur  in  men  who  are 
well  when  they  go  into  the  fire-room.  Until  such  patients  can 
be  taken  to  the  iced  bath  in  the  hospital  they  should  be  rubbed 
with  ice  and  iced  water  in  a  good  circulation  of  air. 

For  electric  shocks,  we  have  illustrated  and  descriptive 
charts  showing  methods  of  artificial  respiration. 

The  President  :  We  will  now  take  up  the  paper  on  "  Steam 
Turbines,"  by  Professor  William  Lispenard  Robb,  of  the  Rens- 
selaer Polytechnic  Institute,  Troy,  N.  Y. 

(Professor  Robb  read  the  paper,  which  was  illustrated  by 
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proportion  of  the  work  done  by  steam  in  expansion  in  engines 
or  turbines  is  done  by  virtue  of  the  latent  heat  in  the  portion  of 
water  liquified  in  the  process.  In  a  turbine  of  the  Parsons  type 
steam  passes  on  through  the  machine.  If  the  machine  is 
inefficient  in  its  functioning,  a  large  portion  of  water  will  be 
re-evaporated,  and  we  have  a  condition  where  the  final  dis- 
charge is  almost  superheated.  In  the  Curtis  turbine  the  water 
is  taken  out  of  the  successive  stages  in  greater  or  less  pro- 
portion and  does  not  take  part  in  the  subsequent  expansions, 
and  consequently  all  the  superheat  that  can  be  had  is  available  ; 
in  other  words,  the  steam  is  allowed  to  act  efficiently  without 
having  to  expend  its  energy  in  re-evaporating  the  water.  Our 
knowledge  of  the  Curtis  turbine  is  limited,  because  we  have 
only  been  able  to  test  certain  sizes  and  forms  ;  but,  so  far  as  we 
have  gone,  we  see  that  either  the  elimination  of  initial  moisture, 
or  moisture  in  any  stage,  or  the  addition  of  superheat,  are 
equivalent  benefits  to  the  turbine,  and  the  improvement  with 
increased  superheat  seems  to  hold  up  to  a  very  high  degree  at  a 
fixed  rate.  When  we  introduce  the  superheat  in  the  first  stage 
of  the  two-stage  turbine,  we  tend  to  dry  the  steam  in  that  stage, 
but  it  may  be  wet  again  at  the  discharge  end  of  the  stage.  The 
next  stage,  however,  may  be  almost  equally  benefited  by  the 
elimination  of  moisture  that  might  otherwise  go  to  it. 

Our  hopes  for  the  future  economy  in  turbines  of  this  type, 
which  are  very  strong,  are  based  to  a  great  extent  on  the 
proper  elimination  of  this  moisture  and  the  proper  use  of  this 
superheat.  We  know  that  under  certain  conditions  we  get  very 
high  efficiencies  in  the  functioning  of  the  turbine  ;  that  is,  the 
blowing  of  the  steam  through  the  buckets  gives  under  favorable 
conditions  a  large  proportion  of  the  energy  that  the  steam 
carries. 

Concerning  large  and  small  turbines,  Professor  Robb  stated 
that  the  large  turbine  and  the  small  turbine  were  almost  equally 
good.  I  told  him  that,  and  it  is  true  to  a  certain  extent ;  that 
is,  we  know  that  the  small  turbines  are  good  ;  we  do  not  know 
how  good  the  large  ones  are.  We  have  reason  to  hope  that 
with  the  large-sized  machines  we  shall  get  great  gains;  particu- 
larly with  the  Curtis  machine,  because  there  we  have  a  certain 
amount  of  clearance  necessary  for  mechanical  reasons  and  that 
clearance  can  be  made  of  less  proportion  to  the  whole  steam 
passage  where  the  turbine  is  large,  and  the  leakage  and  dissipa- 
tion through  improper  fittings  would  be  relatively  less,  and  all 
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the  friction  and  radiation  losses  are  very  much  less.  We  hope 
to  get  very  much  better  results,  although  we  do  not  make  any 
promise  beyond  our  positive  knowledge.  The  turbine  that  is 
to  be  installed  in  Chicago  is  larger  than  anything  we  have 
tested  for  steam  economy.  We  have  tested  machines  as  high 
as  6oo-kw  capacity,  and  in  a  paper  that  I  read  some  time  ago  I 
gave  some  curves.  Professor  Robb  has  repeated  some  of  the 
curves,  showing  the  performance  of  the  machine.  This  machine, 
under  conditions  that  we  know  to  be  practicable  in  any  station 
where  there  is  condensing  water,  shows  a  consumption  of  dry 
steam  of  19  pounds  per  kw-hour,  600-kw  unit,  and  only  a  pound 
and  a  half  worse  at  half  load.  This  result  is  so  much  better 
than  existing  results  in  steam-engine  stations  that  it  shows  the 
turbine  is  a  reality.  The  machine  to  be  installed  in  the  station 
that  you  will  see  this  afternoon  has  not  been  tested,  except  in  a 
mechanical  sense.  It  has  been  running  in  Schenectady  with 
steam  exhausting  into  the  atmosphere,  running  core-loss  tests, 
and  developing  normal  voltages  on  the  machine  for  ordinary 
electrical  tests  without  carrying  load.  The  functioning  has 
been  perfect,  the  governor  acts  perfectly,  and  all  its  mechanical 
functions  are  satisfactory ;  and  we  hope  the  machine  will  come 
into  use  without  any  delay  or  confusion. 


The  discussion  on  the  steam  turbine  was  postponed  until 
the  next  session  of  the  convention,  and  at  four  o'clock  the  con- 
vention adjourned  until  Thursday  morning,  in  order  to  give  the 
delegates  an  opportunity  to  visit  the  station  being  erected  by 
the  Chicago  Edison  Company. 
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Thursday,  May  28th,   1903 


FIFTH    SESSION,     lO.  I5    A.    M. 

1.  Report — District     Heating.       John    W.    Glidden 

2.  Discussion    of    Professor    Robb's   Paper   on    Steam 

Turbines  (Continued) 

3.  Paper — **Salt  as  a  By-Product/'       By  Alex   Dow 

4.  Paper — **  Some  Fundamentals  of  Photometry."     By 

Professor  H.   E.  Clifford 

5.  Report — Committee    for    Investigating   the   Photo- 

metric   Values   of    Arc    Lamps.       Henry     L. 
DoHERTY,  Chairman 

6.  Report — Decorative  and  Sign  Lighting.      Arthur 

Williams 


SIXTH    SESSION,    2.20    W    M. 

1.  Paper — **  Relative    Advantages    of    Electrical    and 

Mechanical     Methods     of     Si)eed    Control     for 
General  Power  Service."     By  William  Cooper 

2.  Report — Theft     of     Current.         Robert     Elliott 


3^1 

3-     Report — Lost  and  Unaccounted-for  Current.     L.  G. 

Van  Ness 

4.  Question  Box — H.  T.   Hartman,  Editor 

5.  Report — Cofnmittee  on  President's  Address 


EXECUTIVE    SESSION 

I.     Amendment  to  Constitution 

Report  of  Secretary  and  Treasurer 
Election  of  Officers 

Report — Committee  on  Standard  Rules 
Resolution  for  Special  Meeting  at  St.   Louis 
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FIFTH  SESSION 

President  Ferguson  called  the  meeting  to  order  at  a  quarter 
after  ten  o'clock,  and  stated  that  the  Potomac  Electric  Power 
Company,  of  Washington,  D.  C,  was  anxious  to  learn  if  500- 
volt  power  circuits  were  in  use  on  the  systems  of  any  of  the 
members,  and  if  so,  the  names  of  the  companies.  This  question 
should  have  gone  into  the  Question  Box,  but  was  received  too 
late.  It  was  requested  that  all  members  who  had  knowledge  of 
such  circuits  write  to  the  Potomac  Electric  Power  Company. 


The  report  on  District   Steam    Heating,  by  Mr.  John  W 
Glidden,  of  De  Kalb,  111.,  was  then  read,  as  follows : 

REPORT   OF    COMMITTEE   ON    DISTRICT 

HEATING 


Your  Committee  on  District  Heating  finds  thai 
there  are  about  one  hundred  heating  plants  of 
this  character  in  operation  in  the  United  States  at 
the  present  time.  Possibly  ten  of  these  are  live-steam 
heating  plants,  operating  solely  for  the  heating  busi- 
ness. The  remainder  are  about  two-thirds  exhaust- 
steam  heating  plants,  and  one-third  hot-water  heating 
plants.  A  list  of  questions  was  mailed  to  all  of  these 
plants,  to  which  about  fifty  replies  were  received. 
Twenty-two  were  regular  blanks  partly  filled  in ;  the 
rest  were  letters  stating  they  could  not  give  the 
information  or  did  not  wish  to  give  it.  Quite  a  few 
have  been  in  the  business  but  a  few  months.  When 
this  circular  was  gotten  out,  it  was  my  intention  to 
sift  and  tabulate  this  information  in  such  a  manner  as 
to  demonstrate  the  actual  basic  conditions  -under  which 
each  plant  is  operating.  For  example,  a  plant  operat- 
ing with  a  simple  engine,  under  a  back  pressure  of  ten 
or  fifteen  pounds,  was  to  be  compared  with  the  operat- 
ing conditions  of  the  same  plant,  supposing  that  the 
money  expended  in  installing  the  heating  mains  had 
been  judiciously  spent  in  improving  the  engine  and 
boiler  plants.  It  was  also  intended  to  ascertain  whether 
general  expense  items  were  properly  distributed.  The 
nature  of  the  replies,  and  other  matters  that  I  shall 
treat  of  later,  show  this  to  be  impracticable  at  this 
time. 


364 


TABLE  SHOWING   SOME   DATA 


No. 

InTestment 

in  Heatinc 

PUnt 

Heating 
Revenue 

Price  of 
Coal 

Labor  and 
Fuel  for 
Heating 

Tout 
Coal 

Back 
Pre*- 
sure 

3-15 
0-0 

2-5 

0-3 

3-20 

0-0 

0-0 

0-0 

5-18 

0-0 

•  •  •  • 

0-0 

•  a     •     ■ 

2-5 

1-3 
1-5 

Net 

Reve- 
nue per 
cent  of 
Invest- 
ment 

Remarlu 

I 
2 

3 

4 

5 
6 

7 

8 

9 
10 

II 

12 

13 

U 

15 
16 

$75,000 

4,800 

12,000 

33.000 

67.738 

5,000 

40,000 

15.000 

16.OUO 

66.159 
30.000 

48,000 

10,000 

6,000 

$26,000 
2,000 
3.200 
2,293 

26,449 
1,000 

Just  Std 

6,500 

43.000 

3.712 

15.843 
3.170 

10,000 
2,642 
1,906 

$1.00 
2  40 

1-75 
1.25 

1.58 
I  25 
2.15 
1.70 

•  •   ■    • 

2.00 

•  •    •   • 

2.25 

5.00 

.90 

1.35 
2.10 

$12,000 

20,916 

3.000 
14,800 

13,282 
1.414 

•31.536 

'5.'838 
27,594 

8,148 
7.185 

4.950 
3,509 

...7 

•           ■           •           • 
■            •          •           • 

.... 

8.2 

.... 
.... 

23.3 

.... 

•  •   •    • 

4.0 

•  •      •      V 

•  •    •    • 

•  •    •    • 

12.3 

•  •    •    • 

Day  load 
Water-power 
No  day  load 
Day  load 
Day  load 
No  day  load 
Day  load 
Day  load 
Live  St.  only 
Day  load 
Live  St.  only 
New  plant 
Sore  spot 
Sore  spot 
Day  load 
No  day  load 

Note — Isolated  office  buildings  use  100  pounds  good  Illinois  coal  per 
square  foot  of  radiation  during  seven  months  heating  season. 


This  table  is  put  in  not  because  of  its  value,  but 
to  emphasize  the  condition  of  the  heating  business. 
You  can  notice  a  lack  of  information  in  a  majority  of 
cases.  This  arises  from  two  reasons:  first,  because 
they  have  not  got  it,  and  second,  because  they  are 
afraid  of  the  damage  to  their  capital  stock  if  the 
actual  conditions  of  their  heating  business  became 
known.  A  few  extracts  from  letters  received  may 
serve  to  emphasize  this.  One  man  of  several  years' 
experience  writes :  **  We  are  not  in  a  position  to 
answer  your  questions  in  any  way  that  would  be 
satisfactory  to  you."  Another  in  business,  writes : 
**  Possibly  next  year  we  can  aid  you  in  this  matter." 
Another :  **  I  do  not  think  it  possible  to  give  you  the 
information,  for  various  reasons."  Another :  **  I  receive 
many  blanks  from  the  National  Electric  Light  Asso- 
ciation. It  would  require  more  clerical  work  to  fill 
out   your    blank   than    it    would   to    make    an    annual 


report  to  the  state ;  in  fact,  it  can  not  be  done,  as  we 
have  not  the  data.  I  wish  you  would  drop  my  name 
from  the  mailing  list."  Anoiher :  "I  will  bring  this 
matter  before  the  president  of  the  company."  An- 
other :  "  We  have  learned  much  by  experience,  which 
is  always  e.xpensive,  and  we  do  not  care  to  contribute 
to  the  general  knowledge."  Another:  "I  feel  that 
the  matter  requires  more  careful  consideration  than  I 
have  time  to  give  it." 

I  believe  this  table  and  these  letters  show  that  this 
subject  requires  good,  strong  treatment  by  the  asso- 
ciation. 1  visited  about  twenty  heating  plants  and 
personally  interviewed  the  managers  thereof,  and  in- 
spected the  properties.  Aside  from  the  plants  located 
in  the  cheap  coal  belts,  where  screenings  can  be 
delivered -for  about  $1.00  per  ton,  and  a  few  other 
plants  where  the  gross  receipts  are  at  least  60  per 
cent  of  the  investment  in  mains,  there  is  very  little 
enthusiasm  among  heating  managers.  The  represen- 
tations which  induce  a  great  many  of  these  men  to 
go  into  the  business  have  not  proven  out,  and  they 
are  left  with  large  plants  which  they  are  continuing 
to  operate  because  they  do  not  know  what  else  to  do 
with  them. 

Looking  at  the  heating  business  from  another 
standpoint,  it  is  a  question  for  the  consideration  of 
this  association  whether  an  investigation  of  the  present 
conditions  of  the  business,  and  the  publication  of  these 
results,  is  broad  enough  in  its  treatment  to  take  in 
all  phases  of  the  business.  Personally,  I  became  con- 
vinced, from  talks  with  heating  managers  and  from 
the  merchants'  plants,  which  are  being  installed,  that 
even  though  it  were  demonstrated  that  "the  present 
conditions  of  the  business  would  not  warrant  central- 
station    men    going    into    it,    they    would    go    into    it, 
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nevertheless,  because  the  public  has  become  so 
thoroughly  convinced  of  the  desirability  and  practica- 
bilitv  of  district  heatincj,  that  if  the  central  station 
does  not  occupy  the  territory,  it  will  be  occupied  by 
merchants'  associations.  These  associations  will,  at 
the  same  time,  enter  the  lighting  business  and  jeop- 
ardize the  investment  of  the  older  company.  It  seems 
to  me  beyond  dispute  that  there  exists  a  ver)'  lively 
and  pressing  demand  for  heating  plants.  If  we  grant 
that  this  demand  is  to  be  met  by  some  one,  is  it  not 
fair  to  state  that  electric  central  stations  are  the  best 
people  to  meet  it?  First,  because  of  some  available 
apparatus  already  installed ;  second,  because  they  pos- 
sess the  technical  knowledge ;  third,  because  they  pos- 
sess the  organization;  and  fourth,  for  their  own  self- 
protection. 

I  recommend  the  appointment  of  a  permanent 
committee  to  work  continuously  on  the  heating  busi- 
ness. I  think  the  association  should  decide  on  one 
or  two  methods  of  procedure :  Whether  this  commit- 
tee should  continue  to  gather  data  to  show  what 
heating  plants  are  doing,  or  whether  it  should  investi- 
gate the  losses  in  the  heating  business  and  devote 
its  energies  to  the  development  of  the  business^  A 
few  managers  are  working  out  their  salvation  alone.  If 
they  would  combine  their  efforts  under  the  leadership 
of  the  committee  of  this  association  and  arouse  activ- 
ity among  those  who  are  drifting  at  the  present  time, 
their  united  efforts  would  bring  an  early  solution  of 
many  of  the  present  difficulties.  A  uniform  system  of 
accounting  and  keeping  data,  with  the  inauguration  of 
thorough  testing  to  show  what  becomes  of  the  actual 
heat  units  sent  out,  would  clarify  the  business  and 
remove  it  from  the  field  of  haphazard  experiments  and 
make  it  an  exact  science. 
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RECAPITULATION 

Fiist — I  find  no  evidence  that  the  business  is  gen- 
erally profitable. 

Second — A    lack    of    information     among    heating 

managers. 

Third— A  lack  of  enthusiasm  for  the  business. 

Fourth — Little  separate  accounting. 

Fifth — Genuine    demand  from   the    public    for    the 

services. 

Sixth — I  think  a  permanent  committee  should  be 
put  in  charge  of  the  heating  business. 

Seventh — I  think  this  association  should  instruct 
this  committee  whether  to  devote  its  time  to  the 
investigation  of  the  business  as  it  stands,  or  devote  its 
time  to  the  promotion  of  the  business  by  testing,  and 

so  forth. 

John  W.  Glidden,  Committee. 


DISCUSSION 

Mr.  C.  R.  Maunsell  (Topeka,  Kan.)  :  I  can  indorse  some 
of  the  things  Mr.  Glidden  has  said  in  reference  to  the  heating 
business.  I  presume  I  am  one  of  the  persons  who  did  not 
answer  his  letters  satisfactorily.  A  great  many  of  the  questions 
were  of  such  importance  that  I  could  not  devote  enough  time  to 
answer  them  all ;  answering  a  few  of  them  would  not  do  much 
good.  I  think  the  members  of  the  association  would  appreciate 
this  if  they  saw  the  list  of  questions.  There  is  no  doubt  what- 
ever, as  Mr.  Glidden  says,  that  there  is  a  manifest  demand  for 
the  steam-heating  business.  In  our  town,  the  demand  greatly 
exceeds  the  capacity  of  the  station.  We  have  had  very  nice 
returns  from  it  in  a  financial  way,  not  only  from  the  heating 
business,  but  in  the  results  to  the  lighting  and  power  business. 
I  feel,  too,  that  a  permanent  committee  would  be  a  very  good 
thing  to  investigate  this  subject  and  get  some  reliable  data.  I 
will  do  all  I  can  to  assist  that  committee.  A  great  many  of  the 
central  stations  would  like  some  light  on  this  question.  The 
heating  business  is  in  much  the  same  situation  that  the  incan- 
descent lighting  was  15  or  18  years  ago. 


The  President  :  I  think  that,  in  view  of  what  Mr.  Gliddeo 
has  said  In  his  report  and  also  of  what  Mr.  Maunscll  says,  it  is 
very  apparent  that  ihis  committee,  or  another  committee,  should 
be  continued  and  the  investigation  be  carried  on  so  that  we 
shall  really  gel  at  the  milk  in  the  cocoanut.  As  it  stands  at 
present,  Mr.  Glidden  has  found  it  difficult  to  get  really  satis- 
factory information.  If  Mr.  Maunsell  will  put  his  suggestion  in 
the  form  of  a  motion  that  the  committee  be  continued,  Viih  an 
enlargement,  possibly,  of  two  or  more  members,  I  shall  be  glad 
to  put  that  before  the  convention. 

Mr.  Maunsell  :  I  put  that  as  a  motion. 
(The  motion  was  seconded.) 

Mk.  D.  F.  McGee  (Red  Oak.  la.):  Before  voting  on  this 
motion.  I  should  like  to  make  a  few  suggestions.  Like  several 
others  in  the  heating  business,  I  have  come  here  to  get  all  the 
information  possible  on  this  subject,  I  also  realize  the  difficulty 
of  securing  any  data  at  this  time.  I  believe  that  any  committee 
— even  when  authorized  by  the  National  Electric  Light  Associa- 
tion— without  ample  funds  to  work  with  will  find  it  very  difficult 
that  will  be  of  use  to  us.  The  average  heating 
aipped  with  the  proper  apparatus  for  testing  the 
ime,  and  the  managers  have  not  time — and  in 
t  sufficient  knowledge  of  the  subject — to  make  a 
\  few  of  us  have  made  tests  in  our  own  plants 
nplishing,  and  we  shall  be 
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efficiency  of 

many  cases  n 
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and  know  exactly  what  we  are  i 

glad  to  render  all  possible  assists 


association  may  appoint. 

1  also  realize,  with  Mr.  Glidden  and  Mr.  Maunsell,  the 
enormous  demand  all  over  the  country  for  central  heating 
plants.  I  have  answered  no  less  than  6do  letters  of  inquiry  on 
this  subject  in  the  last  four  years.  We  have  had  personal  visits 
from  central-station  representatives  from  almost  every  state, 
from  Kentucky  to  Washington.  They  are  all  anxious  to  get 
into  the  business  because  their  customers  demand  it,  and  if  they 
do  not  cover  the  ground  some  one  else  will  do  so  and  will 
naturally  take  up  the  lighting  and  power  business  also.  Id 
most  cases  this  would  leave  the  first  party  with  an  elephant  on 
his  hands.  I  merely  mention  this  to  show  the  predicament  that 
faces  some  of  us  missionaries  in  this  field.  If  sufficient  money 
is^laced  at  the  disposal  of  this  committee,  I  suggest  that  it  be 
expended  in  testing  a  certain  number  of  steam  and  hot-water- 
beating  plants.     We  should  then  be  in  a  position  to  compuv 
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the  efficiency  of  both,  under  different  conditions.  To  do  this  in 
a  thorough  manner  will  require  a  vast  amount  of  work  on  the 
part  of  some  one. 

The  President  :  I  would  say,  for  the  benefit  of  Mr.  McGee 
and  of  other  members,  that  the  executive  committee  during  this 
year  considered  this  matter  of  sufficient  importance  to  put 
$250  at  the  disposal  of  Mr.  Glidden,  with  which  to  make  an 
investigation.  I  have  not  heard  how  much  of  the  money  has 
been  spent.  I  make  the  statenient  to  show  that  we  realize  the 
necessity  of  having  funds  at  the  disposal  of  the  committee,  and 
I  think  it  would  probably  be  a  good  idea  to  leave  that  matter  in 
the  hands  of  the  executive  committee  ;  the  amount  of  money  to 
be  allowed  for  the  investigation  of  this  subject  to  be  decided  at 
their  discretion. 

Mr.  Glidden  :  I  did  not  find  any  opportunity  to  spend 
much  of  the  money  ;  only  about  $60.  There  seemed  no  way  in 
which  it  could  be  spent  to  bring  out  any  definite  results  without 
making  tests,  which  it  was  too  late  to  do. 

Mr.  McGee  :  It  is  not  at  this  time  a  discussion  as  to  the 
merits  of  steam  and  hot-water  heating,  but  we  must  all  unite 
for  an  investigation  of  all  systems,  under  difficult  conditions. 
Data  secured  under  those  conditions  would  certainly  be  of 
value  to  this  association. 

Mr.  W.  SIcLea  Walbank  (Montreal,  Can.)  :  During  the 
'  last  few  months  I  have  given  the  question  of  district  heating 
considerable  attention  from  a  commercial  standpoint.'  I  am 
referring  to  Montreal,  where  coal  is  probably  dearer  than  on 
this  side  of  the  line.  After  writing  to  all  towns  where  I  could 
ascertain  they  were  using  district  heating,  and  communicating 
with  companies  whose  business  it  was  to  install  same,  1  thought 
it  advisable  to  test  the  locality  that  would  be  supplied  by  my 
company  if  we  decided  to  go  into  the  heating  business,  and 
endeavor  to  find  out  what  it  was  costing  the  individual  pro- 
prietors to  heat  their  buildings  at  present.  I  took  the  district 
within  a  half-mile  radius  of  our  station  and  had  a  representative 
go  over  their  books,  coal  bills,  and  other  expense  connected 
therewith,  and  ascertain  what  they  were  willing  to  pay  us  to 
supply  the  heat  for  them.  As  a  result  of  our  examination,  we 
concluded  that  if  we  got  our  coal  and  attendants  for  nothing  the 
probable  returns  would  not  pay  interest  on  the  investment  for 
the  pipes  alone,  consequently  we  dropped  the  matter. 

Mr.  Maunsell  :   I  ask  the  gentleman  if  it  is  not  a  fact  that 
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he  intended  to  operate  the  steam-heating  plant  more  as  a  live- 
steam  plant,  or  as  an  auxiliary  Co  his  water  power ;  if  this  is  not 
the  reason  he  decided  against  it  ?  We  have  been  in  the  business 
for  six  years.  We  have  $40,000  invested  in  our  underground 
mains  Last  winter  we  had  a  revenue  of  nearly  $15,000, 
sufficient  to  pay  all  the  coal  costs  of  the  plant  for  eight  months 
and  leave  nearly  four  per  cent  interest  on  the  money.  I  do  not 
know  of  any  better  argument  I  can  bring  up  than  to  say  that  in 
order  to  keep  from  making  too  great  a  showing  on  the  steam 
heating  we  charge  to  it  everything  possible  and  still  find  that 
the  operating  costs  of  the  steam  heating  are  only  something  like 
79  or  30  per  cent  of  the  gross  revenue  from  heating ;  and  I  feel 
pretty  certain  that  on  the  meter  system,  which  is  the  only  way 
to  sell  heat,  for  the  same  reasons  that  we  sell  light  and  power 
on  meter,  we  should  show  even  better  results.  My  experience 
has  been  very  limited  in  the  matter  of  depreciation  of  the  steam 
mains.  We  have  had  practically  no  trouble.  We  have  had 
no  costs  for  repairs,  and  when  we  made  examinations  for 
deterioration  we  found  very  little  after  six  years'  use,  I  think 
this  question  is  very  important  to  every  lighting  and  power 
plant  that  has  a  day  load,  and  one  that  will  repay  the  association 
for  any  investigation  that  may  be  made  concerning  it. 

Mr.  Jamf-S  E.  Pyle  (West  Chester,  Pa.)  :  I  am  very  much 
interested  in  this  question  of  steam  heating.  About  a  year  ago 
we  concluded  to  put  in  a  steam  plant  at  West  Chester,  and  we 
installed  4.000  feel  of  mains  varying  from  5  to  iz  inches  in 
size.  We  operate  an  electric  plant  that  has  some  day  load,  and 
we  took  on  about  50  customers  or  more  and  did  practically  all 
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worth  of  coal  for  live  steam,  and  we  operate  the 
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customer  on  the  line. 

Regarding  the  fund  that  has  been  mentioned,  I  think, 
judging  from  the  report  we  have  heard,  that  if  we  want  to 
derive  any  benefit  from  that  investment  it  will  be  necessary  for 
the  members  of  the  association  who  are  interested  to  try  and 
get  some  information.     The  information  that  could  be  gained 
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might  be  of  great  value,  but  if  the  reports  are  such  as  we  have 
heard  this  morning  the  money  spent  will  be  of  little  avail,  I 
think  it  is  our  duty  to  make  reports  that  can  be  of  some  use; 
we  should  put  ourselves  to  some  inconvenience  and  expense,  if 
necessary,  to  furnish  these  data.  One  gentleman  spoke  of  the 
er  that  would  be  required  to  make  tests  in  a  hot- 
We  can  all  look  back  to  the  time  when  our 
lid  not  contain  wattmeters  ;  we  did  not  have  the 
.easuring  the  output  of  our  stations  and  did  not 
hat  we  were  doing,  I  think  we  all  got  to  the 
i  very  essential  to  have  station 
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if  the  manager  will  go  to  the  expense  of  putting  water  meters 
on  all  the  drip  pipes  in  the  street  he  can  determine  the  amount 
of  loss.  So  tar  as  the  question  of  the  system  being  profitable  is 
concerned,  it  all  depends  very  much  upon  the  location  of  the 
steam  plant ;  whether  or  not  it  is  close  to  the  locality  where  you 
want  to  distribute  steam  ;  whether  you  can  operate  largely  with 
exhaust  steam  or  not.  If  you  have  no  day  load,  it  is  evident 
that  it  will  take  a  great  deal  of  live  steam  to  supply  the 
customers. 

Another  thing  ihat  cuts  some  figure  is  the  comparative  cost 
of  steam  coal  and  domestic  coal.  With  us  the  price  of  steam 
coal  is  about  one-half  that  of  domestic  coal.  In  some  pi  ces  it 
is  different,  and  in  those  cases  they  have  the  advantage  of  us. 
So  far  as  depreciation  on  these  lines  is  concerned,  we  have  had 
opportunity  to  look  into  some  places  that  have  been  in  opera- 
tion ii  or  13  years,  and  it  has  been  found  that  the  wooden  log  is 
beginning  to  rot  to  some  extent,  but  not  very  much.  The 
location  has  more  than  anything  else  to  do  with  the  general 
proposition.  If  you  have  to  run  a  long  main  from  the  power- 
house out  to  the  distributing  system,  you  will  have  to  invest  a 
great  deal  of  money  in  the  main.  I  have  found  that  customers 
are  willing  to  pay  more  for  the  service  after  it  has  been  in  the 
building  awhile  than  they  are  at  first  willing  to  offer.  I  have 
found,  8S  a  general   thing,  when   negotiating  to  supply  steam 


heal,  thai  prospective  customers  say  they  heat  (heir  building 
on  about  one-half  the  coal  they  actually  use.  and  after  the  steam 
has  been  supplied  and  the  bills  begin  to  come  in  monthly  they 
raise  an  outcry  against  the  charge,  But  they  continue  to 
use  the  steam  ;  it  is  more  convenient  and  more  satisfactory 
generally.  Another  thing  I  have  found  is  that  people  do  not 
realize  how  much  heat  they  require  during  the  colder  months 
of  the  winter.  They  gel  their  supply  of  coal  in  the  summer  or 
autumn  and  put  it  in  the  cellar,  and  they  are  not  aware  of  the 
amount  of  coal  consumed  relatively  each  month  of  the  winter 
season.  The  bill  for  the  first  month  of  the  fall  season  is  satis- 
factory, but  when  the  bill  (or  January  is  presented  some  protest 
is  made,  because  they  do  not  stop  to  think  that  they  use  three 
times  as  much  heat  during  the  month  of  January  as  during 
October  and  November  or  March  and  April,  These  are  some  of 
the  things  we  run  up  against  in  the  steam-ttedting  business,  and 
they  arc  like  many  of  those  that  we  meet  in  the  electric-lighting 
business.  I  find  that  both  businesses  work  out  on  about  the 
same  lines.  The  same  treatment  of  our  customers  in  a  business 
way  seems  to  answer  in  our  case  very  nicely. 

Mr.  Gille  :  It  may  be  interesting  to  the  members  to  Itnow 
that  Professor  Carpenter,  of  Cornell  University,  has  made  many 
tests  on  heating  and  has  published  the  results  of  his  experience 
in  book  form.     The  book  is  very  interesting. 

Mr,  McGee  :  We  know  from  experience  that  it  is  not  a 
difficult  matter  to  get  heating  customers  when  your  plant  is 
installed  ;  the  great  trouble  is  to  keep  them  off  your  lines  and 
to  keep  from  extending  your  lines  until  you  have  an  enormous 
investment  tied  up  in  street  mains.  At  the  present  prices  there 
is  no  money  in  live-steam  heating,  and  1  am  not  in  favor  of 
taking  on  any  more  radiation  than  we  can  heat  with  exhaust 
steam  at  the  peak  of  our  electric  load  in  the  coldest  weather, 
and  supplement  with  live  steam  during  light  load  when  neces- 
sary to  do  so.  By  adopting  this  plan,  we  are  able  to  get  a  very 
substantial  return  from  our  investment.  The  public  demands 
this  service  and  some  will  go  into  it,  and  it  remains  for  the 
central-station  manager  to  decide  whether  he  wants  to  take  it 
up  or  see  his  business  injured  by  some  other  party. 

The  pRESiOENi  ;  Do  you  figure  anything  for  depreciation 
and  interest  ? 

Mk.  McGe&  :  Six  per  cent  for  depreciation  and  six  per 
cent  for  interest  per  year. 
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Mr.  McCabe  :  Why  do  you  fear  to  go  ahead  and  put  in 
more  mains  ? 

Mr.  McGee  :  Ours  is  strictly  a  commercial  load  and  we  are 
in  the  heart  of  it.  We  get  a  large  building  every  22  feet.  If  we 
extended  our  mains  at  all  we  should  have  to  put  in  four  or  five 
miles  of  pipe  and  not  get  more  than  two  or  three  customers  to 
the  block.  This  would  require  a  very  large  investment  to  take 
care  of  ihe  business.  We  have  installed  50,1300  feet  of  radiation 
on  one  and  one-quarter  miles  of  mains.  We  operate  a  a4-hour 
circuit,  and  figure  upon  using  only  our  exhaust  steam  for  heat- 
ing purposes.  If  we  install  more  radiation,  we  shall  be  com- 
pelled to  use  live  steam.  With  coal  at  present  prices  our  rates 
for  heating  will  not  permit  us  to  do  that  at  a  profit. 

Mr.  McCabe:  A  plant  in  Pennsylvania  in  which  I  am 
interested  is  in  somewhat  the  same  condition.  About  two  years 
ago  they  installed  steam  healing  by  exhaust  steam,  having  a 
mile  and  a  quarter  of  mains,  and  supplying  about  75  customers. 
Last  year  the  total  income  was  something  greater  than  the  total 
amount  expended  for  coal  in  the  plant.  The  people  wanted 
more  of  the  steam  healing,  but  the  company  did  not  want  to 
extend  the  mains.  They  said  the  investment  was  as  much  as 
they  could  stand,  and  if  they  put  in  further  mains  they  would 
not  get  sufficient  revenue  to  meet  the  interest  and  fixed  charges 
on  the  investment,  as  the  present  supply  of  exhaust  steam  dur- 
ing the  minimum  load  on  the  engines  is  just  about  equal  lo  the 
demand,  so  any  further  supply  would  have  to  be  met  with  live 

Mr.  Brine;  During  the  last  steam-heating  season  we  had 
installed  15,000  feet  of  mains,  to  which  we  had  connected  about 
100,000  square  feet  of  radiation.  While  we  do  not  think  we 
made  any  money,  we  believe  the  furnishing  of  steam  heat  is  of 
great  assistance  in  securing  business  for  the  central  station  in 
places  where  isolated  plants  would  otherwise  be  installed.  We 
figure  that  the  pounds  of  coal  used  per  kw-hour  were  about  one- 
third  more  on  account  of  our  steam  heating  than  they  would 
have  been  without  it.  We  are  now  installing  about  5,000  feet  of 
additional  mains,  and  hope  to  be  able  to  take  on  about  200,000 
more  square  feel  of  radiation  with  only  a  slightly  increased 
cost,  as  we  anticipate  that  the  new  arrangement  of  the  mains 
will  give  us  a  better  circulation,  and  there  will  not  be  any 
material  increase  in  the  back  pressure. 

The  President  ■  The  opinions  on  this  subject  do  not  leem 
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to  be  very  definite,  and  it  raihcr  seems  that  the  reason  some  of 
these  companies  are  making  a  profil  is  because  I  hey  are  supplying 
the  immediate  neighborhood,  and  simply  utilizing  their  exhaust 
steam.  They  are  not  in  the  heating  business  solely  as  a  heating 
proposition,  but  as  an  auxiliary  proposition.  When  they  extend 
the  mains  into  larger  territories,  and  take  on  a  large  number  of 
houses,  and  have  to  use  live  steam,  there  is  quite  a  question  as 
to  v/heiher  or  not  they  are  making  money.  It  leads  up  to  Mr. 
Glidden's  recommendation  in  his  report,  where  he  says.  "If 
ihey  would  combine  iheir  efforts  under  the  leadership  of  the 
committee  of  this  association,  and  arouse  activity  among  those 
who  are  drifting  at  the  present  lime,  their  united  efforts  would 
bring  an  early  solution  of  many  of  the  present  difficulties." 
There  is  no  use  in  going  ahead  with  this  committee  and  spend- 
ing money  for  the  benefit  of  the  members  of  the  association, 
unless  the  member  companies  who  are  operating  steam-heating 
plants  are  willing  to  give  to  the  association  at  large  the  infor- 
mation they  possess.  The  object  of  the  association  is  to  dis- 
seminate knowledge  among  its  members.  If  any  one  has  know- 
ledge he  should  contribute  it  to  the  association  at  large,  so  I 
would  beg  of  you— those  of  you  who  are  operating  plants — to 
be  kind  enough  lo  give  this  committee,  if  we  continue  it.  all  the 
information  you  have  at  your  disposal.  You  certainly  can  not 
lose  anything  by  it,  and  I  assure  you  that  if  you  give  the  infor- 
mation you  will  receive  back  information  tenfold  in  return. 
There  is  a  motion  before  the  house  to  the  effect  that  this  com- 
mittee be  continued  for  the  purpose  of  investigating  the  subject 
further. 

(The  motion  was  put  and  carried.) 

The  PRf.siDENT:  I  think  the  question  of  expenditures  in 
connection  wiih  the  work  of  this  committee  on  healing  plants 
should  be  left  to  the  executive  committee.  The  executive  com- 
mittee will  not  waste  the  money,  and  ihey  will  see  ihat  it  is 
spent  intelligently. 

The  Presiden't  :  We  will  now  devote  a  little  more  time  to 
the  discussion  on  steam  turbines,  which  was  cut  off  yesterday 
afternoon.  Has  Mr.  Emmet  anything  more  that  he  desires  to 
say  on  the  subject  of  turbines  ? 

Mr.  Emm£t  :  Mr,  President.  I  do  not  think  I  have  anything 
more  to  say,  beyond  the  fact  that  I  shall  be  glad  to  answer  any 
questions  that  may  be  asked   mtf.     The  subject  is  such  a  lar^ 
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one  that  it  is  difficult  to  know  where  to  begin  on  it.  If  I  under- 
took to  speak  without  any  guide,  I  might  talk  all  day  and  not 
tell  the  members  what  they  wanted  to  know. 

Mr.  Glidden  :  What  is  the  difference  in  the  capacity  of 
steam  turbines  when  you  use  superheated  steam  and  saturated 
steam  ? 

Mr.  Emmet  :  In  a  turbine  of  the  Curtis  type,  the  capacity  is 
practically  unlimited,  without  any  increased  expense,  because 
by  simply  adding  additional  nozzles  you  can  get  more  out  of 
the  turbine  ;  and  for  a  given  number  of  nozzles  with  superheat 
the  capacity  would  increase  somewhat  with  increase  of  economy. 
In  the  turbines  that  we  have  tested,  increase  of  economy  seems 
to  be  about  one  per  cent  for  12  degrees  of  superheat.  That  is 
only  the  result  of  tests  to  a  very  limited  extent  on  one  turbine, 
but  it  conforms  pretty  well  with  our  expectation,  although  it 
would  be  different  with  other  turbines.  The  increase  of 
capacity  will  be  less  than  the  increase  of  economy.  This  is 
true  only  within  limited  degrees.  I  spoke  more  particularly  of 
condensing  turbines,  with  which  the  space  for  the  exhaust  steam 
is  very  large,  and  while  the  effective  vacuum  would  be  less  with 
an  increased  volume  of  steam,  there  would  still  be  space  for  a 
very  large  degree  of  expansion  in  the  steam.  The  turbines  are 
designed  for  a  very  high  degree  of  expansion,  and  space  is  pro- 
vided for  it,  and  with  a  much  greater  amount  of  steam  the 
amount  of  expansion  is  still  very  large  ;  and  while  the  economy 
would  fall  off  finally,  they  are  adapted  to  ordinary  variations, 
such  as  are  generally  required  for  overloading  generators,  where 
the  capacity  is  available.  The  turbines  are  ordinarily  propor- 
tioned very  much  the  same  as  large  steam  engines  in  this 
respect.  By  cutting  off  long  on  steam  engines  you  can  get  a 
large  overload  capacity,  and  we  have  attempted  to  make  the 
turbine  to  give  the  same  results. 

Mr.  Maunsell  :  What  would  be  the  effect  of  the  back 
pressure  on  the  capacity  and  economy  of  a  looo-hp  turbine? 

Mr.  Emmet  :  Back  pressure  is  rather  more  objectionable  in 
the  turbine  than  in  the  steam  engine.  The  turbine  is  relatively 
less  advantageous  non-condensing  than  condensing.  One  of 
the  great  advantages  of  the  turbine  lies  in  its  ability  to  use  the 
energy  of  high  degrees  of  expansion,  and  when  we  work  on 
non-condensing  basis  we  lose  that  advantage,  and  we  work 
on  a  basis  parallel  to  that  of  the  non-condensing  steam 
engine.  Under  this  condition  the  turbine  must  be  considerably 
26 
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elaborated  and  made  very  perfect  in  its  functioning  in  order  to 
produce  as  good  results  as  the  non-condensing  engine.  In 
point  of  fact,  up  to  the  present  time  no  turbine  has  produced  as 
good  results  as  those  obtained  from  good  non-condensing 
engines  under  similar  conditions  ;  this  difference  will  be  some- 
what more  marked  if  we  use  some  back  pressure.  The  turbine, 
however,  will  compete  with  the  engine  in  the  non-condensing 
field  ;  there  is  no  doubt  about  that.  This  result  will  be  obtained 
by  elaborating  the  turbine  somewhat  and  making  it  better  for 
that  purpose,  and  we  know  it  is  possible  to  do  this.  Further- 
more, the  simplicity  of  the  turbine,  its  good  light-load  economy 
and  good  overload  capacity,  will  make  it  compete  with  the 
non-condensing  engine.  Up  to  the  present  time  little  or 
nothing  has  been  done  in  that  direction,  and  nearly  all  com- 
mercial turbine  work  to-day  is  done  on  the  condensing  basis. 

Mr.  J.  C.  Gillette  (Evansville,  Ind.) :  How  is  the  govern- 
ing of  the  turbine  accomplished — the  cutting  off  of  the  steam  ? 

Mr.  Emmet  :  The  Curtis  turbine  has  what  we  call  a 
sectionalized  nozzle  ;  simply  a  long  segment  of  the  periphery 
covered  with  nozzles.  We  govern  by  simply  cutting  them  oflf 
successively.  The  cutting  off  is  actually  done  by  the  steam. 
We  have  a  valve  on  each  delivery  passage  and  that  is  operated 
by  a  little  piston,  and  the  governor  works  a  controlling  valve 
that  delivers  steam  to  the  "piston  and  forces  open  the  main 
valve.  They  keep  opening  and  shutting  automatically.  To 
reduce  the  number  of  openings  and  closings  of  these  valves  we 
sometimes  use  a  throttle  on  one  section  with  a  lost-motion 
arrangement  that  keeps  the  throttle  drifting  on  that  section,  so 
that  any  fixed  condition  of  load,  instead  of  being  got  at  by 
intermittent  action  of  the  valve,  will  be  got  at  by  some  definite 
number  of  valves  open  with  one  partly  open.  In  some  cases 
the  opening  of  the  valves  is  so  infrequent  with  ordinary  govern- 
ing that  there  is  no  object  in  using  the  throttle. 

Mr.  Harold  Almert  (Oak  Park,  III.)  :  The  steam  men 
generally  seem  to  be  interested  in  the  introduction  of  the  steam 
turbine  :  but  there  is  one  point  that  has  not  been  touched  upon, 
namely,  the  gas  engine  in  large  units.  I  am  informed  that  in 
Berlin  they  have  engines  of  3.0C0  horse-power,  taking  35,000 
B.  T.  U.  coal,  converting  it  into  gas,  and  getting  an  efficiency 
of  one  pound  per  hp-hour.  A  large  steam-engine  concern  in 
this  country  has  recently  obtained  the  rights  to  the  German 
patents  in  this  countr}*,  and  will  have  such  a  unit  in  operation 
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at  the  St.  Louis  Exposition.  I  ask  Mr.  Emmet  if  he  does  not 
consider  such  a  gas  engine  a  serious  competitor  of  the  steam 
turbine  ?  The  steam  men  in  this  part  of  the  country  "seem  to  be 
more  interested  in  the  gas  engine  than  in  the  steam  turbine. 

Mr.  Emmet  :  I  think  the  gas  engine  has  a  future.  I  think 
there  is  reason  to  believe  that  it  will  be  used  to  a  large  extent 
in  Europe  before  it  is  used  here.  Gas  engines  are  expensive  to 
build  and  maintain,  and  this  is  much  against  them.  They  pro- 
duce a  high  fuel  economy  ;  but  the  best  development  of  the 
turbine  also  produces  high  fuel  economy.  I  have  seen  recent 
reports  of  the  tests  of  the  Parsons  turbine  in  Europe  that  show 
astonishing  economy  at  high  degrees  of  superheat.  The  best 
turbines  will  do  almost  as  well  in  fuel  economy  as  the  gas 
engine/ and  with  infinitely  simpler  methods  and  less  mainte- 
nance in  the  turbine.  I  think  the  gas  engine  will  receive  a  long 
setback  because  of  the  development  of  the  steam  turbine. 

Mr.  Edwin  Yawger  (Pittsburg,  Pa.)  :  I  regret  that  Mr. 
Hodgkinson,  who  has  been  connected  with  the  building  of  the 
Westinghouse  turbine,  is  not  present  to  say  what  might  be  said 
regarding  the  ^Westinghouse  turbine.  In  listening  to  Professor 
Robb's  paper  yesterday  I  noticed  that  he  brought  out  one 
feature  in  regard  to  the  space  occupied  by  steam  turbines.  I 
have  looked  over  many  of  the  actual  plans  made  for  turbine 
installation,  and  find  that  the  least  possible  space  into  which  a 
turbine  can  be  put  has  been  actually  expanded  in  practice,  so 
the  area  that  is  actually  used  is  probably  twice  as  much  as 
"would  be  really  necessary  with  the  utmost  contraction.  Of 
course  that  is  a  problem  that  has  to  be  studied  individually,  like 
all  other  problems  in  a  power-plant  design.  It  has  been  sug- 
gested that  the  surface  condenser  could  be  made  a  part  of  the 
foundation  of  the  turbine.  That  is  entirely  possible,  on  account 
of  the  absence  of  vibration  and  shock,  and  I  think  that  Mr. 
Parsons  is  actually  building  some  turbines  with  the  condenser 
as  a  part  of  the  foundation.  In  the  Westinghouse  turbine  our 
usual  practice  is  to  make  a  sort  of  saw-horse  of  the  turbine 
foundation  and  put  the  condenser  and  auxiliary  pumps  and 
other  apparatus  underneath.  This  answers  somewhat  the  same 
end  as  placing  the  condenser  right  in  the  foundation.  The 
objection  to  making  it  a  part  of  the  foundation  casting  arises 
from  the  fact  that  it  would  necessitate  the  turbine  manufacturer 
being  also  the  condenser  manufacturer,  and  that  it  might  pos- 
sibly restrict  the  accessibility  of  the  condenser. 
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Another  interesting  point  has  been  brought  out  in  connec- 
tion with  steam  turbines,  and  that  is  the  possibility  the  turbine 
permits  of  making  very  thorough  tests  at  the  manufacture! *s 
shop  before  the  machine  is  shipped.  I  do  not  suppose  any  one 
ever  dreamed  of  building  very  large  Corliss  engines  and  equip- 
ping an  engine-room  to  test  such  engines  thoroughly  under 
commercial  conditions.  The  turbine  occupies  so  little  space, 
and  can  be  set  on  temporary  foundations  so  conveniently,  that 
it  furnishes  an  opportunity  for  actual  shop  tests,  which  will 
probably  not  only  lead  to  a  better  understanding  between 
manufacturers  and  purchasers,  but  will  also  lead  to  contri- 
butions to  science  that  have  never  been  obtained  in  an  experi- 
mental laboratory.  The  equipment  of  the  VVestinghouse 
Machine  Company's  shops  for  this  purpose  is  probably  as 
extensive  as  anything  that  has  yet  been  thought  of.  The  test- 
ing-room consists  of  foundations  that  are  capable  of  receiving 
turbines  from  tlie  smallest  size  up  to  the  very  largest.  It  is 
possible  to  place  three  or  four  5000-kw  turbines  on  testing 
foundations  at  the  same  time  and  to  test  them  one  after 
another,  so  that  the  testing  operation  can  be  gone  through  very 
promptly.  The  VVestinghouse  Machine  Company  has  two  sur- 
face condensers  of  large  capacity,  with  dry  vacuum  pumps,  and 
also  an  independent  superheater,  which  are  all  a  part  of  the 
'testing  equipment  It  has  been  the  practice  thus,  far  to  test 
thoroughly  every  turbine  built,  not  only  at  full  load,  but  at 
smaller  loads,  down  to  one-quarter  or  one-fifth.  Up  to  the 
present  time  there  have  been  some  500  actual  tests  made  on 
turbines,  and  some  very  interesting  hitherto  mooted  questions 
have  had  light  thrown  upon  them. 

Mr.  George  S.  Carsox  (Iowa  City,  la.)  :  There  is  a  marked 
difference  in  the  efficiency  of  the  turbine  when  operating  under 
a  vacuum  of  20  inches  and  a  vacuum  of  28  inches.  I  could  not 
figure  it  out  myself,  and  I  should  like  a  little  information  on  the 
subject.  I  should  also  like  to  know  what  vacuum  could  be 
obtained  by  using  a  cooling  tower  in  connection  with  the 
condenser. 

Mr.  Em.met  :  The  curve  of  the  expanding  steam  is  the 
hyperbola  which  is  prolonged  to  an  asymptote,  this  asymptote 
being  the  line  of  zero  absolute  pressure.  The  cut-oflf  point 
in  the  largest  condensing  engines  is  not  below  15  inches  of 
vacuum.  The  area  traced  by  engine  indicator  leaves  out 
altogether  a  very  large  extension  of  volume  beyond  this  pres- 
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sure.  The  turbine  uses  the  energy  represented  by  the  area  in 
this  long  point  near  the  asymptote,  and  its  advantage  over  the 
steam  engine  is  largely  owing  to  the  fact  that  this  additional 
energy  is  available.  Increased  vacuum  greatly  increases  the 
energy  available  for  the  turbine,  whereas  in  the  steam  eng^ine  it 
simply  causes  such  increase  in  the  area  of  the  indicator  card  as 
is  afforded  by  a  diminished  back  pressure. 

Professor  Clifford  :  I  have  no  doubt  that  Mr.  Emmet  has 
in  mind  the  approximate  figures  for  the  steam  engine  run  with 
sulphurous  acid  on  a  secondary  cycle,  which  is  at  present  being 
investigated  by  Professor  Josse  in  Berlin.  My  impression  is 
that  the  steam  economy  of  the  ordinary  reciprocating  engine, 
with  such  a  secondary  cycle,  is  very  nearly  as  good,  if  not  quite 
as  good,  as  that  which  has  been  stated  for  the  steam  turbine. 
Of  course  the  matter  is  in  an  experimental  stage  at  the  present 
time,  and  has  not  been  tried  with  large  engines.  I  presume, 
therefore,  the  steam  turbine  would  have  an  advantage  over  such 
an  equipment ;  but  it  seems  to  me  that  for  a  large  number  of 
existing  plants,  using  the  reciprocating  engine,  this  attachment 
may  possibly  be  a  competitor  with  the  turbine.  There  are  one 
or  two  things  I  should  like  to  ask  in  connection  with  the  Curtis 
turbine  :  What  differences  are  there  as  to  the  number  of  stages, 
the  form  of  buckets,  the  shape  of  nozzle,  on  turbines  intended 
to  be  run  at  different  degrees  of  vacuum  ?  What  is  the 
clearance,  and  also  what  is  the  pressure  at  which  the  oil 
is  pumped  into  the  step  bearing  for  a  5000-kw  unit? 

Mr.  Emmet:  I  am  not  familiar  with  the  actual  possibilities 
of  the  SOjj  attachment  to  an  engine.  The  use  of  such  substances 
is  undoubtedly  of  theoretical  benefit,  and  will  undoubtedly  be 
continued.  It  is  probably  of  less  benefit  with  the  turbine,  for 
the  reason  that  we  can  use  higher  degrees  of  expansion. 

The  turbine  built  for  a  high  vacuum  would  probably  do 
better  with  a  less  degree  of  vacuum  than  it  would  do  if  it  had 
been  built  originally  for  that  less  degree  of  vacuum.  We  might 
simplify  the  machine,  and  reduce  the  depth  of  the  buckets  for 
low  vacuum,  but  we  should  gain  nothing  in  economy.  We 
make  all  machines  for  a  high  degree  of  vacuum. 

The  clearance  is  somewhat  dependent  on  the  diameter  and 
size  of  the  turbine.  We  are  running  about  three-hundredths  of 
an  inch  on  our  smaller  turbines  in  a  vertical  direction,  and  about 
five-hundredths  of  an  inch  on  our  largest  turbines.  We  find  this 
to  be  ample.     We  should  gain  practically  nothing  by  diminish- 
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ing  it  and  lose  little  by  slightly  increasing  it.  One  of  the  objects 
of  building  the  turbine  in  a  verticai  position  is  to  make  it  short. 
To  carry  it  in  a  horizontal  position  would  be  difficult,  and  would 
necessitate  the  introduction  of  other  bearings.  By  getting  it 
short  the  expansion  is  unimportant,  and  it  does  not  affect  the 
relative  position  of  the  parts.  We  get  a  perfectly  symmetrical 
structure,  and  can  run  with  small  clearances.*  Our  original 
object  was  to  take  care  of  the  heavy  weights  of  large  machines 
in  a  compact  place,  and  the  simplicity  of  the  arrangement  led 
to  its  adoption  in  other  sizes.  The  pressure  in  the  step  bearing 
is  governed  by  size  ;  300  pounds  per  square  inch  in  the  smallest 
turbine,  soo-kw,  and  about  1,100  pounds  in  the  large  machines, 
such  as  have  been  built  for  the  Chicago  Edison  Company.  This 
pressure  bearing  has  been  criticized  on  account  of  its  novelty, 
but  in  point  of  fact  it  is  one  of  the  most  satisfactory  features  of 
the  machine.  All  turbines  must  have  forced  lubrication.  Hori- 
zontal bearings  will  destroy  themselves  if  forced  lubrication 
fails,  while  the  vertical  bearing  is  of  simple  cast-iron  blocks  and 
there  is  little  loss  if  the  oil  fails.  It  cuts  the  surface  a  little,  but 
our  experience  has  been  that  by  running  again  they  will  wear 
themselves  smooth  and  go  on  filling  their  functions.  It  is  easy 
to  make  arrangements  by  which  oil  lubrication  will  not  fail. 
We  use  accumulators,  suitably  arranged,  which  are  perfectly 
automatic,  and  never  give  any  trouble. 

Mr.  Gille  :  I  would  ask  what  means  are  provided  for 
ventilating  the  generators.  I  understand  the  generator  is 
direct-coupled  to  the  engine. 

Mr.  Emmet  :  That  is  not  a  point  of  difficulty.  Our  steam 
is  expanded  down  to  atmospheric  pressure  before  it  enters  the 
shell  of  the  turbine,  consequently  the  upper  portion  of  the 
turbine  is  at  the  boiling  point,  or  the  atmospheric  temperature 
of  steam.  The  generator  is  some  distance  above  the  turbine. 
The  whole  top  of  the  turbine  is  of  small  area,  and  it  can  be 
covered  with  heavy  lagging  to  any  depth  desirable.  In  point  of 
fact,  the  Chicago  machine  has  been  run  with  steam  at  a  degree 
of  saturation  that  was  equivalent  in  heating  to  overload  con- 
dition of  running,  and  the  temperature  is  satisfactory.  There  is 
vigorous  ventilation  in  a  rapidly  moving  machine  of  this  kind, 
and  we  have  no  trouble  at  all.  We  lag  the  top  of  the  turbine 
and  keep  the  heat  away  from  the  generator  as  much  as  possible. 

Mr.  M.  W.  Hanks  (Pittsburg,  Pa.) :  I  ask  if  it  is  practicable 
to  run  a  high-speed  machine  on  board  ship.  Does  the  gyro- 
scopic action  have  any  effect  on  the  turbine  ? 
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Mr.  Emmet  :  There  have  been  many  turbines  of  very  high 
speed  run  successfully  on  board  ship,  and  I  do  not  think  the 
gyroscopic  action  has  been  a  source  of  trouble,  although 
theoretically  there  is  a  possibility  that  it  will  be.  For  the  Curtis 
turbine  it  would  be  relatively  less,  because  the  rotator  speed  of 
the  turbine  is  relatively  less.  It  is  a  relatively  slow-speed 
turbine,  of  comparatively  small  weight.  In  the  case  of  the  one 
boat  that  has  been  equipped  with  the  Curtis  turbine,  there  Is  no 
trouble  in  a  sea-way  through  gyroscopic  action.  It  runs  at 
about  650  revolutions  per  minute. 

The  President  :  If  there  is  no  further  discussion  on  the 
turbine  question,  we  will  lake  up  the  paper  on  "  Salt  as  a 
By-Product,"  by  Mr.  Alex  Dow,  of  Detroit. 


Mr.  Dow  read  the  following  paper : 

SALT    AS    A    BY-PRODUCT 


First — ^This  economic  age  prescribes  that,  for  the 
continuing  commercial  success  of  any  business,  that 
business  shall  be  conducted  without  waste.  The 
management  which  fails  to  realize  all  its  possibilities 
of  thrift  invites  competition  that  will  undersell  its 
market ;  and  this  competition,  continuing  to  make 
lower  prices,  will  ultimately  occupy  the  market  to  the 
exclusion  of  the  wasteful  producer. 

Second — Not  only  by  the  adoption  of  economical 
processes  of  manufacture,  but  by  the  utilization  of  all 
by-products,  must  the  manufacturer  of  to-day  keep 
down  his  production  cost.  In  some  cases  he  has 
apparently  the  choice  between  economical  manufac- 
ture of  his  chief  product  without  a  by-product,  and  a 
less  economical  process  which  leaves  as  residue  a 
valuable  by-product.  A  correct  choice  between  these 
two  alternatives  requires  commercial  instinct  as  well 
as  technical  knowledge. 

Third — Our  friends,  the  gas  companies,  have  long 
ago  let  the  public  know  that  their  profits  are  in  their 
by-products.  Many  of  them  have  modified  their  gas- 
producing  processes  toward  lower  efTiciency  in  order  to 
increase  the  value  of  the  by-products.  Our  other  friend, 
The  Standard  Oil  Company,  is  somewhat  secretive. 
Nevertheless,  we  know  that  the  commercial  success 
of  that  corporation  has  to  no  little  extent  resulted 
from  the  utilization  of  all  the  contents  of  the  crude 
oil,  whereof  in  the  beginning  only  illuminating  oil 
was  marketed. 

Fourth — In  our  business — the  production    and   sale 
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of  electric  light  and  power— our  greatest  waste  has 
been  time  — 18  or  20  hours  out  of  each  24.  We 
have  had,  and  still  have,  at  best  only  work  enough 
fully  to  employ  our  investment  20  to  25  per  cent  of 
the  time.  Our  interest,  insurance  and  depreciation — 
and  our  taxes — accumulate  during  every  one  of  the 
8,760  hours  of  the  year.  No  improved  efficiency  of 
generation,  no  reduction  of  the  losses  in  distribution, 
can  possibly  help  us  so  much  as  would  the  discovery 
of  profitable  work  to  which  our  investment  might  be 
set  during  its  hours  of  idleness.  This  is  not  a  new 
theory ;  it*  is  a  long-established  and  well-recognized 
condition,  and  the  suggested  ameliorations  of  the  con- 
dition have  been  very  many. 

Fifth — This  paper  presents  the  latest  of  these  sug- 
gestions, as  adopted  by  the  Detroit  Edison  Company, 
to  wit :  the  combination  with  the  electric  light  and 
power  industry  of  the  manufacture  of  common  salt  by 
the  evaporation  of  saturated  brine.  Obviously,  this 
combination  can  be  made  only  within  well-defined 
geographical  limits.  The  first  requisite  is  the  exist- 
ence of  a  sufficient  deposit  of  salt.  The  greatest  store 
of  salt  is  in  the  water  of  the  oceans,  which  contains 
approximately  three  per  cent  by  weight  of  sodium- 
chloride.  To  recover  this  percentage  involves  the 
evaporation  of  97  per  cent  of  water;  which  is  un- 
profitable excepting  in  a  limited  way,  and  in  warm 
climates  where  the  sun  furnishes  the  requisite  heat. 
In  the  United  States  salt  is  produced  from  four  prin- 
cipal deposits  of  rock  salt,  located  as  follows : 

1.  In  western  New  York. 

2.  In  Ohio  and  Michigan,  running  from  south- 
eastern Ohio  northwest  through  Cleveland ;  under 
Lake  Erie  to  Detroit  and  across  the  state  of  Michi- 
gan to  Lake  Michigan  nt    Mnnistee  and   Ludington. 
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3-   In  south  central  Kansas. 

4.  Louisiana. 

A  limited  amount  of  salt  is  obtained  by  mining ; 
running  shafts  and  tunnels  directly  into  the  rock  salt. 
There  is  an  excellent  demand  for  this  class  of  salt, 
which,  taken  with  the  cost  of  production,  maintains 
it  at  a  good  price.  The  more  common  method,  and 
the  method  that  is  used  exclusively  in  the  Ohio  and 
Michigan  field,  is  to  pump  water  down  to  the  salt 
vein,  where  it  dissolves  about  one  pound  of  salt  to 
each  three  pounds  of  water,  forming  a  .25-per-cent 
brine ;  this  brine,  returned  by  the  pressure  of  the 
pumps  through  a  separate  pipe,  is  evaporated  in  open 
vats  or  vacuum  pans  by  contact  with  steam  pipes  or 
steam  jackets.  The  building,  equipped  with  vats 
(called  grainers)  and  vacuum  pans,  together  with  the 
pumps  and  other  machinery  required,  is  in  common 
parlance  called  a  salt  block. 

Sixth — It  is  customary  to  use  exhaust  steam,  when 
such  is  available,  to  heat  the  brine.  This  practice  has 
led  to  the  combination  with  the  production  of  salt  of 
other  industries  using  steam  power.  In  the  state  of 
Michigan  the  most  frequent  combination  with  the  salt 
block  is  a  saw-mill,  this  particular  combination  being 
so  common  that  it  is  almost  standard.  A  saw-mill 
raises  steam  by  burning  its  own  refuse  strips  and  saw- 
dust ;  that  is  to  say,  fuel  is  produced  in  sufficient  and 
sometimes  in  excessive  quantities  by  the  operations  of 
the  mill.  Old  lumbermen  said,  therefore,  that  their 
fuel  cost  them  nothing,  and  when  they,  moreover, 
utilized  their  exhaust  steam  in  a  salt  block  the  com- 
mercial result  was  exceedingly  good,  and  many  Michi- 
gan fortunes  have  been  earned  thereby.  These  saw-mill 
salt  blocks  have   had   possession  of  the  salt  market  of 


I 


the  upper  lakes  for  years,  and  they  virtually  stilt 
control  it.  ' 

Seventh — In  more  than  one  instance  an  electric- 
light  plant  has  been  operated  in  combination  with  a 
salt  block  and  saw-mill,  I  could  name  a  dozen  such 
electric-light  plants  in  the  state  of  Michigan.  The 
electric-lighting  load  comes  on  at  dark,  when  manv 
saw-mills  shut  down  either  partly  or  altogether,  Sa]t 
evaporation  is  preferably,  though  not  necessarily,  a 
continuous  process,  and  the  addition  of  the  electric- 
lighling  load  is  a  step  toward  continuity. 

Eighth — The  pine,  which  was  the  beginning 
and  the  strength  of  the  Michigan  lumber  industry, 
has  nearly  disappeared,  and  with  it  will  go  the  con- 
trol of  this  salt  market  by  the  Michigan  salt  blocks. 
At  Manistee,  and  in  that  vicinity,  the  supply  of  pine 
still  holds  out  and  the  saw-mills  and  salt  blocks  are 
as  busy  as  ever ;  but  on  the  east  shore  of  the  state 
the  pine  has  been  worked  out,  and  the  original  com- 
bination is  there  no  longer  possible.  Around  De- 
troit, where  the  greatest  salt  beds  in  Michigan  have 
been  explored  and  developed  within  the  last  lo  years, 
there  is  no  pine  nor  available  lumber  of  any  kind. 
and  salt  is  produced  only  with  fuel  bought  and  burned 
expressly  for  the  purpose.  This  leaves  but  a  narrow 
margin  of  profit,  and  if  it  were  not  for  the  lower  cost  of 
distribution  the  industry  in  the  vicinity  of  Detroit 
could  not  exist  in  competition  with  that  at  Manistee. 
The  cost  of  distribution  is  a  controlling  element  in  the 
salt  business.  The  material  is  heavy,  and  the  freight 
from  the  salt  block  to  the  point  of  use  is  frequentiv 
greater  than  the  first  cost  of  the  salt.  In  this  respect 
salt  and  coal  are  on  a  similar  basis.  Each  salt  field, 
like  each  coal  field,  has  a  certain  area  which  is  its 
natural    area    of    distribution,   and    beyond    which    it 
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comes  into  competition  with  the  product  of  some 
other  district.  Special  qualities  of  coal,  such  as  the 
anthracite  coal  of  Pennsylvania,  are  shipped  for  special 
[)urposes  all  over  the  United  States ;  similarly,  table 
salt  and  other  special  grades  are  shipped  all  over  the 
country ;  but  bulk  salt,  such  as  is  used  by  packing 
houses  and  in  manufacturing  and  chemical  processes, 
has  a  well-defined  radius  of  distribution  from  each 
producing  district.  Low  first  cost  will,  in  some  cases, 
offset  high  freight  rates;  and  special  freight  rates 
(which  are  not  unknown  to  the  salt  industry)  will 
extend  the  radius  of  some  producer  who  is  favored 
with  the  same ;  but  these  are  exceptions  not  affecting 
the  general  rule. 

Ninth — The  Detroit  salt  bed  is  worked  to  a  very 
great  extent  by  companies  producing  the  salt  prod- 
ucts— the  alkalies — carbonate  of  soda,  soda  ash,  etc. 
The  Solvay  Process  Company,  whose  main  works  arc 
at  Syracuse,  N.  Y.,  has  established  works  at  Detroit, 
which  were  the  first  on  a  large  scale  in  that  district 
Other  makers  of  salt  products  have  followed  the  lead 
of  the  Solvay  Company  until  the  alkali  industry  has 
become  one  of  the  most  important  in  Michigan. 
These  chemicals  have  a  very  much  wider  radius  of 
distribution  than  has  common  salt,  and  the  immense 
salt  beds  at  Detroit,  in  combination  with  good  water, 
cheap  coal  and  lime-stone,  and  excellent  lake  and  rail 
transportatior.  facilities,  now  give  Detroit  an  advantage 
that  it  is  likely  to  retain  for  many  years. 

Tenth — As  I  have  already  said,  it  is  not  new  to 
turn  the  exhaust  steam  of  an  electric-light  plant  into 
a  salt  block.  What  is  new  about  the  Detroit  proposi- 
tion is  the  recognition  of  the  possible  reaction  of  salt 
production  on  the  electric  light  and  power  business. 
Economically,  it  would  be  just  as  profitless  to  operate 
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a  salt  block  during  the  few  hours  when  an  ordinary 
electric-light  system  would  give  it  a  liberal  supply  of 
steam  as  it  is  to  operate  that  same  electric  system 
only  during  those  hours.  To  work  the  electric-light 
investment  to  good  purpose,  requires  a  better  load 
factor  than  is  usually  obtained.  To  work  the  invest- 
ment  in  a  salt  block  to  the  best  purpose,  requires 
continuous  operation.  A  salt  block  that  takes  and 
utilizes  the  exhaust  steam  of  a  lighting  plant  at  its 
peak  load  and  is  idle  or  using  live  steam  at  times 
when  the  electric-light  plant  is  lightly  loaded,  can  not 
be  made  to  pay.  But  if  a  continuous  load  can  be 
obtained  for  the  electric-light  machinery,  a  continuous 
and  profitable  operation  can  be  assured  to  the  salt 
block.  The  converse  is  true  ;  namely,  that  if  all  the 
exhaust  steam  of  the  continuously  running  electric 
plant  is  profitably  used  in  the  salt  block,  the  reduced 
or  extinguished  cost  of  fuel  will  make  the  electric- 
lighting  business  profitable.  To  obtain  this  very 
desirable  state  of  affairs  it  is  necessary  to  find  the 
continuous  electric  load.  The  use  of  electric  light 
has  physical  limitations.  People  are  not  going  to  turn 
on  lights  in  the  daytime  merely  to  be  kind  to  the 
electric-light  companies.  Differential  rates  will  improve 
your  electric-light  daily  load  curve  and  will  bring  you 
business  that  would  otherwise  go  to  kerosene  or  gas ; 
but,  after  all,  it  is  essentially  a  night  business — I  may 
even  say  an  evening  business,  because  all-night  light- 
ing is  a  comparatively  small  portion  of  the  maximum 
demand.  Electric  power  is  a  different  proposition. 
Industries  that  use  power  24  hours  a  day  have  always 
existed,  and  their  number  is  increasing.  To  these 
must  be  added  the  industries — mostly  chemical — that 
use  electricity  for  heating  or  for  electrolysis.  To 
these  may  yet  be  added — if  the  inducements  are  suffi- 
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cient — industries  that  now  use  power  only  eight  or 
ten  hours  per  day,  but  that,  if  power  be  cheap 
enough,  can  profitably  work  a  night  shift  or  even 
establish  continuous  24-hour  operation. 

Eleventh — The  possibility  of  creating  a  manufac- 
turing district  of  such  industries  has  been  demonstrated 
at  Niagara  Falls.  Cheap  power,  cheap  and  con- 
venient transportation,  and  cheap  land,  are  the  essen- 
tials. With  these  it  is  desirable  to  have  an  existing 
population  which  takes  kindly  to  factory  work.  All 
the  conditions  except  the  cheap  power  are  existent  in 
Detroit,  and  our  proposition  is  to  furnish  the  missing 
essential.  We  believe  that  among  the .  industries 
already  established  in  the  city  of  Detroit,  and  among 
those  which  can  be  brought  to  locate  in  the  city  or 
in  its  vicinity,  we  can  find  such  a  demand  for  our 
electric  product  as  will  enable  us  to  operate  with  a 
good  load  factor  24  hours  a  day  and  365  days  a  year. 
Under  these  conditions  the  exhaust  steam  from  our 
engines  can  be  profitably  utilized  in  the  evaporation 
of  brine — that  is  to  say,  in  the  production  of  salt ; 
the  sale  of  the  salt  will  reduce  or  extinguish  our  cost 
for  fuel ;  and  it  will  be  practicable  for  us  to  sell 
electric  energy — the  fuel  cost  being  reduced  or 
extinguished — at  such  figures  as  will  secure  the 
stability  of  our  economic  combination. 

Twelfth — You  will  observe  that  I  do  not  say  that 
salt  as  a  by-product  will  in  itself  make  the  difference 
between  profitless  and  profitable  operation.  It  is  good 
to  utilize  your  exhaust  steam  ;  but  because  you  don't 
utilize  it  you  are  not  necessarily  throwing  away  your 
dividends,  nor  sending  them  out  of  the  chimney, 
according  to  advertisement.  If  the  proposition  merely 
afforded  a  use  for  our  exhaust  we  should  run  conden- 
sing.     Indeed,    we    are    providing    condensers    for    use 
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under  certain  conditions,  of  which  more  hereafter. 
What  we  see  in  the  plan,  and  what  I  am  trying  to 
show  to  you,  is  the  possibility  of  utilizing  the  idle 
hours  of  our  electric  investment.  The  business  we 
expect  to  get  during  these  idle  hours  can  only  be 
obtained  at  low  prices — virtually  at  cost  of  production. 
The  profit  lies  in  the  fact  that  the  salt  business  will 
reduce  or  extinguish  the  fuel  cost.  Wherefore  it  is 
hard  to  say  whether  during  these  hours  of  sometime 
idleness  the  electric  supply  will  be  our  business  and 
the  salt  will  be  our  by-product,  or  whether  we  shall 
be  truly  in  the  salt  business  with  electricity  as  the 
side-show. 

Thirteenth — About  those  condensers.  We  don't 
expect  to  do  away  with  the  peak  of  our  electric  load. 
That  will  be  always  with  us,  like  the  poor  and  the 
tax  collector.  We  shall  have  to  put  up  with  it,  more 
or  less,  as  with  them.  But  we  can  provide  for  the 
peak  in  either  of  two  ways.  We  can  have  spare 
engines  and  boilers,  contmue  to  run  non-condensing, 
and  crowd  the  salt  block  to  use  the  excess  steam,  or 
turn  it  into  the  atmosphere.  Or  we  can  shut  down 
part  or  all  of  the  salt  block  for  the  hour  or  two  and 
run  some  or  all  of  our  engines  condensing.  The 
latter  plan  suits  us  best,  and  requires  less  investment. 
It  does  not  pay  to  crowd  a  salt  block — it  affects  the 
quality  of  the  salt.  And  it  does  not  hurt  to  shut  it 
down,  except  to  the  extent  of  the  loss  due  to  the 
investment  being  idle.  That  latter  loss  is  less  if  the 
block  is  idle  during  the  few  hours  of  winter  peak 
and  the  condensers  idle  the  rest  of  the  year,  than  if 
spare  engines  and  boilers,  and  land  and  building  to 
accommodate  them,  were  idle  all  the  year  and  busy 
only  during  the  peak. 

Fourteenth — I    have    just   indicated    one   aspect    in 


which  the  salt  block  as  a  user  of  exhaust  steam  is 
preferable  to  a  steam-heating  system.  I  can  shut 
down  mv  block  the  week  before  Christmas  and  no 
one  will  complain.  The  men  who  work  in  the  block 
will  probably  even  be  happy  to  lake  a  holiday  just 
then.  But  please  shut  your  eyes  and  imagine  the 
lovelv  row  there  would  be  if  I  undertook  to  shut 
off  mv  steam-heat  distribution  that  same  week.  Then 
I  can  run  my  salt  block  all  summer  and  ship  my 
summer  product  up  lake  till  navigation  closes.  I 
wish  I  could  sell  steam  heat  all  summer.  Also,  the 
salt  block  will  use  what  steam  I  give  it  at  the  times 
I  give  ir,  and  will  not  want  to  be  specially  warmed 
up  at  six  o'clock  each  winter  morning;  neither  to 
have  the  heat  turned  on  again  for  a  Fourth  of  July 
celebration  that  has  failed  to  make  seasonable  arrange- 
ments* with  the  weather  bureau. 

Fifteenth — There  are  many  interesting  engineering 
problems  connected  with  our  proposed  combination 
of  industries.  For  instance,  the  question  of  the 
economical  limit  of  the  back  pressure  on  our  engines 
(which  aie  to  be  turbines),  is  exceedingly  complex. 
We  can  make  that  pressure  just  about  what  we 
please  by  proper  design  of  the  salt  pans ;  but  the 
first  cost  of  the  pans,  the  rate  at  which  they  can  be 
worked,  and  the  quality  of  the  salt  produced,  are  all 
varied  bv  variation  of  the  back  pressure.  Again, 
although  we  run  non-condensinor,  we  shall  have  an 
ample  supply  of  distilled  water  for  our  boiler  feed 
in  return  from  the  pans  ;  but  the  economical  tempera- 
ture of  this  feed  water  is  a  matter  of  discussion. 
Still  more  interesting  is  the  question  of  how  to 
utilize  the  waste  heat  of  flue  irises — whether  in  heat- 
mg  brine  or  in  heating  feed  water. 

Sixteenth — These  matters,  although  interesting,  are 
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secondary.  Moreover,  this  paper  is  already  long 
enough.  Like  the  cowboy  who  was  chased  by  In- 
dians through  the  Bad  Lands,  I  have  hit  only  the 
high  places  of  the  trail.  If  you  want  to  hear  from 
me  of  what  lies  between,  I  must  make  another  trip  at 
another  time.  When  that  time  comes  I  shall  know 
more  about  the  subject. 

The  President  :  If  there  is  no  discussion  on  Mr.  Dow's 
paper,  we  will  pass  on  to  the  next  number  on  the  programme. 

I  want  to  say  with  regard  to  the  gentleman  who  will  present 
the  next  paper,  that  he  has  been  kind  enough  to  come  all  the 
way  from  Boston  to  attend  this  convention,  and  he  has  also  been 
kind  enough  to  take  part  in  the  various  discussions  we  have 
had,  and  I  know  that  we  sliall  much  appreciate  anything 
Professor  Clifford  may  tell  us.  I  have  the  pleasure  of  calling 
upon  Professor  Clifford,  associate  professor  of  electrical  en- 
gineering of  the  Massachusetts  Institute  of  Technology,  who 
will  address  us  on  "Some  Fundamentals  of  Photometry." 
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SOME  FUNDAMENTALS  OF  PHOTOMETRY 


Mf\  President  and  Gentlemen  of  the  Natiotial  Electric 
Light  Association  : 

To  the  electrical  engineer  the  problems  of  illumi- 
naiion,  both  exterior  and  interior,  are  to-day  taking  on 
a  much  increased  importance  and  interest.  The 
science  of  photometry  is  fundamental  to  these  broad 
questions  of  illumination,  and  it  is  unfortunate  that 
the  scientific  method,  which  has  done  so  much  during 
the  past  twenty-five  years  for  the  advancement  of 
engineer ing  in  general,  should  in  matters  photometric 
be  conspicuous  rather  by  its  absence. 

The  careful  study  of  methods  and  apparatus  a|> 
plicable  to  any  given  problem,  and  the  exact  state- 
ment of  the  conditions  under  which  the  work  is  to 
be  carried  out.  which  give  to  much  of  the  engineer- 
ing of  to-dav  a  high  value  in  the  field  of  scientific 
research,  seem  in  measurements  of  the  illuminating 
power  of  the  various  light  sources  not  to  have  the 
place  that  they  deserve.  Much  of  this  is  perhaps 
to  he  accounted  for  bv  the  fact  that  photometry  is 
ir.iiniaiclv  connected  with  physiological  questions, 
which  introduce  more  or  less  uncertainty  in  the 
results.  Then,  too,  until  within  a  few  years  the  ven* 
unsatisTactorv  character  of  the  standards  of  light  has 
made  photometry  a  somewhat  inexact  science. 

In  speaking  to  you  on  '*  Sv^.^u*  Fundamentals  of 
Phoiometn*,'  I  intend  to  refer  hricrlv  to  a  few  pK>ints 
thai  seem  to  me  not  to  have  received  up  to  this  lime 
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the  emphasis  they  merit.  In  attacking  any  photo- 
metric problem,  we  should  first  select  the  type  of 
photometer  that  will  give  the  greatest  precision  for 
the  special  line  of  investigation  we  are  to  pursue.  It 
is  to  be  remarked  that  the  various  photometers  in 
ordinary  use  do  not  by  any  means  give  the  same 
light  ratio  when  comparing  two  given  sources  under 
precisely  the  same  conditions.  As  a  basis,  then,  for 
estimating  the  accuracy  of  different  photometers,  the 
ultimate  method  would  be  a  determination  of  the 
light  energy  of  two  given  sources  by  means  of  the 
spectro-photometer,  and  a  comparison  of  their  total 
energy  ratio  with  the  ratio  of  illumination  as  deter- 
mined by  the  Bunsen,  the  Lummer-Brodhun,  or  what- 
ever photometer  it  is  desired  to  use.  This  would 
necessitate  an  extended  investigation,  with  a  large 
number  of  light  sources.  It  has  seemed  to  me,  there- 
fore,  a  fair  basis  of  comparison  to  adopt  the  average 
deviation  of  a  considerable  number  of  settings,  taken 
under  the  same  conditions  with  the  different  instru- 
ments, as  a  measure  of  the  relative  accuracy  of  these 
different  photometers.  In  speaking,  therefore,  of  the 
superiority  of  one  type  over  others  for  any  particular 
piece  of  work,  I  mean  to  indicate  that  the  average 
deviation  of  the  series  of  readings  for  this  instrument 
is  least,  the  readings  being  taken  under  the  same  con- 
ditions for  all  the  photometers  to  be  compared. 

It  has  become  the  custom  to  use  the  Lummer- 
Brodhun  type  of  photometer  for  all  kinds  of  work, 
irrespective  of  its  character.  To  my  mind  there  are 
serious  objections  to  the  use  of  this  instrument, 
especially  where  the  lights  to  be  compared  are  of 
different  colors,  such,  for  example,  as  an  arc  and  an 
incandescent  light.  In  the  hands  of  the  skilled 
observer,  and  where  the  lights  to  be  compared  are  of 
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the  same  hue.  there  is  no  question  that  the  Lummer- 
Brodhun  photometer  is  to  be  prefeired  to  any  other 
type.  To  be  sure,  there  is  the  objection  of  using  a 
sing^le  eve  in  the  observations,  as  this  causes  some- 
what  rapid  fatigue  and  consequent  decrease  in  the 
accuracy  of  setting.  On  the  other  hand,  there  is  the 
advantage  that  certain  sources  of  error  that  arise  in 
connection  with  viewing  opposite  sides  of  a  photom- 
eter screen,  one  with  each  eve,  are  eliminated.  The 
Bunsen  photometer  possesses  for  arc-light  photometry, 
however,  distinct  advantajjes  over  the  Lummer-Brod- 
hun  :  that  is,  if  the  arc  is  compared  with  an  incan- 
descent light  standard.  From  results  that  have  been 
obtained  by  many  observers  at  the  Massachusetts 
Institute  of  Technology  during  the  last  six  years. 
there  is  no  doubt  that  the  averasje  deviation  of  a 
series  of  readings  taken  with  the  Bunsen  is  less  than 
with  the  Lummer-Brodhun,  and  the  precision  of 
settinii  is  louirer  maintained.  Of  course,  care  should 
be  taken  that  the  distance  from  the  observer  to  the 
Bunsen  screen  is  so  great  that  the  images  of  both 
sides  oi  ir  are  well  seen  bv  each  of  the  observer's 
eyes.  Otherwise,  errors  ft  considerable  magnitude 
may  arise,  due  to  the  unequal  sensitiveness  of  the 
two  eyes.  A  photometric  study  of  lights  of  different 
color  should  always  be  preceded,  for  work  of  the 
hignest  accuracy,  by  an  investigation  of  the  various 
tvpes  of  photometers,  to  ascertain  which  gives  the 
greatest  precision  in  the  particular  case  in  hand. 
Thus  the  instrument  which  is  most  satisfactory  for 
work  with  lights  oi  a  bluish  tinge  may  be  far  less 
precise  in  the  measurement  oi  lights  of  a  reddish  hue. 
It  is  just  this  superiority  in  work  with  lights  of  a 
bluish  tinge  that  gives  the  Bunsen  its  advantage  for 
arc-light  photometrv. 
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In  this  connection,  also,  I  want  to  urge  the  claims 
of  the  Flicker  photometer,  which  for  some  reason 
seems  to  be  very  little  used.  For  work  with  colored 
lights,  and  lights  of  different  color  more  particularly, 
it  is  decidedly  superior  to  either  the  Bunsen  or  the 
Lummer-Brodhun.  Here,  again,  the  careful  investi- 
gator will  determine  the  speed  of  flicker  that  gives 
the  greatest  precision.  My  own  investigations  have 
shown  that  this  speed  is  diflferent  for  different  colors, 
and  varies  with  the  observer,  as  would  be  naturally 
expected.  The  Flicker  photometer  is  easily  con- 
structed and  simple  in  its  manipulation,  possessing  an 
accuracy  for  color  work  in  general  greater  than  that 
of  any  other  type  of  instrument. 

The  Joly  diffusion  photometer,  and  the  Kriiss 
prism  type  of  Bunsen,  whose  use  has  been  more  or 
less  advocated,  do  not  seem  to  me  to  possess  any  ad- 
vantages, or  increased  precision  calling  for  their  sub- 
stitution in  place  of  the  better-known  types. 

I  may  illustrate  the  necessity  for  an  exact  state- 
ment of  the  conditions  under  which  photometric  work 
is  carried  on,  by  the  results  of  certain  tests  on  the 
relation  of  candle-power  to  voltage  for  the  Nernst 
lamp. 

In  Figure  i  is  given  the  plot  of  such  a  relation, 
the  test  being  carried  on  as  follows  :  Starting  with  a 
given  voltage  and  corresponding  candle-power,  which 
we  will  call  for  both  *'  normal,"  the  voltage  is  altered 
by  steps  of  twelve  volts  each  on  the  half  minute,  and 
a  reading  of  the  corresponding  candle-power  taken  on 
the  even  minute.  That  is,  the  voltage  is  altered  every 
minute,  and  the  candle-power  taken  every  minute,  the 
reading  of  the  illumination  being  in  every  instance 
one-half  minute  later  than  the  corresponding  change 
of    voltage.     The    results    at    once    suggest    the    well- 
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known  hysteresis  loop  for  magnetic  materials,  and  I 
would  especially  emphasize  the  marked  diflFerence  in 
voltage,  corresponding  to  a  given  candle-power  on  the 
ascending  and  descending  sides  of  this  photometric 
loop,  for  voltages  above  the  normal.  Curiously 
enough,  at  voltages  below  the  normal  the  ascending 
and  descending  parts  of  the  curve  di£fer  very  little. 
Figure  2  gives  the  results  of  a  second  and  similar 
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on   the   same   unip.   a   single-giower    Nemsr,  and 
sr. :*.vs  mac  the  enect  in  the  nr<t  case  is  certainlv  not 

The  curve  of  rc.aiionsh'p  of  candle-power  and 
\-oxiz<:  ->  eviier.i.v  .:  nereru  accoriir.c  as  the  obser- 
vaiions  are  made  \\\\\  ir.crea^ii-ic  or  viecreasing  values 
of  the  e'.eciromotive  force  app'.itvi  a:  the  lamp  ter- 
minals. Tn:s  vi:fference  aniou:.:>  at  candle-power  So 
•  see  F:^u:e   i»  to    :6  vo.:s.  ir.e  volMi^e    i>e:nii:    2;^  on 


the  ascending    and    251  on  the  descending  side  of  the 
curve. 

It  is  interesting  to  note  that  after  having  traversed 
the  loop  once,  subsequent  changes  of  voltage  made 
according  to  the  same  law  cause  the  same  loop  to  be 
again  and  again  gone  over.  It  seems  to  me  probable 
that  the  lack  of  agreement  in  the  results  of  different 
observers    is    to    be    accounted    for    by    the    different 
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manner    of    taking    the    readings    and     making    the 
changes  in  voltage. 

The  time  element  also  enters  most  markedly  into 
this  voltage — candle-power  relation.  Thus,  compare 
Figure  3.  in  which  lo-volt  steps  are  taken  and  one- 
half  hour  allowed  to  elapse  before  the  corresponding 
candle-power  determination  is  made,  with  Figures  i 
and  2.  In  Figure  3  it  is  rather  interesting  to  observe 
that  the   prolongation   of   the   curve   to   the   point   of 
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zero  candle-power  shows  that  this  should  occur  at 
140  volts.  On  lowering  the  voltage  it  was  found 
thai,  as  nearly  as  could  be  judged,  the  lamp  ceased 
to  glow  at  just  about   140  volts. 

With  a  single-glower.  225-volt  Nernst  lamp,  the 
voltage  was  dropped  10  volts,  held  constant  at .  this 
decreased  value  for  one  minute,  and  then  restored  to 
its  normal  value  of  225  volts.  At  this  point  photo- 
metric readings  were  begun,  the   standard    light    being 


/ 


_     * 


11;        Ck     :r. 


.ir.  .:::.i:'..:e>Cv::'.:  :r..;::::.r.:.t .:  a:  c:r.>:ant  voltage,  and 
:r.r  ::;.-.:..::  ::  c.ir.vi'.vL-i^'.ve:  :.  t:-^.e  is  shown  in 
r  .iiUTv  ^  I:  .V...  :e  seo::  :v  :::e  curve  that  it  is  a 
:r.;:::vr  .:  >:.er.  .:  c'C'-t  :r.  :.u:es  after  the  voltage 
r.:?  ::^"  •--:  Ti.:  :.  ::>  :;.r:::a^  value  before  the 
^.u':v::a::- ::  re:u:::>  :.^  ::>  ::o::::.'l  value.  Smaller 
c::i"^vs  :::  v:":^^:;  ::.;:::.;:::;:.:  :. :  >n:^r:er  times  show 
s.::  A'  :f:::::>.  :m:;:'.;!v  .:  ;t<>or  :::airn^tudc  The 
^c^.^:  vr:.:<s  .:  ir.e  N\:<:  ..i:v:  :^^  change  in  voltage 
■>    ::    wjurs^?   wc..    '<::.  »v:\    :  u:    :v.v   reference   to   it    is 


rather  as  indicating  the  necessity,  from  the  photo- 
metric standpoint,  of  clearly  indicating  all  the  con- 
ditions under  which  given  observations  are  taken. 
The  change  in  the  case  just  mentioned,  of  i6  per 
cent  in  illumination  due  to  a  temporary  drop  in 
voltage  of  five  per  cent,  is  the  special  matter  to  be 
emphasized,  together  with  the  time  taken  for  the 
lamp  to  return  to  its  normal  candle-power  after  the 
voltage  has  been  again  adjusted  to  its  standard  value. 
Changes  in  voltage  of  five  per  cent  are  of  course 
somewhat    excessive,  but    the    character    of    the    effect 
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Still    remains,   though    of    reduced    magnitude,    for    any 
lesser  variation  in  voltage. 

In  Figure  5  is  given  the  relation  of  candle-power 
to  time  after  lighting  for  a  single-glower  Nernst, 
maintained  at  a  constant  potential  at  the  terminals  of 
225  volts.  Immediately  following  the  lighting 'of  the 
lamp  the  drop  in  candle-power  is  very  rapid,  amouiit- 
■ing  in  the  first  five  minutes  to  50  per  cent  of  the 
final  value.  The  total  variation  in  this  particular  case 
is  about  60  per  cent  of  the  final  value,  and  the 
illumination  does  not  become  constant  until  nearly  an 
hour  after  the  lamp  is  lighted.     It  is  absolutely  essen- 


4CO 

tial.  therefore,  if  candle-power  decerminations  of  the 
single-glower  Xemst  are  to  mean  anything,  that  at 
least  this  time  shall  elapse  after  the  lighting  of  the 
lamp  before  photometric  obsen'ations  are  begun. 

I  have  earlier  referred  to  the  effect  of  certain 
physiological  phenomena  upon  the  accuracy  of  photo- 
metric work,  and  the  special  point  to  which  I  wish 
now  to  direct  attention  is  the  influence  of  the  so- 
called    Purkinje    effect,    which,    briefly    stated,  is    this : 
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If  a  red  and  a  blue  light  be  placed  a  certain  distance 
apart,  let  us  sav  loo  inches,  and  the  ratio  of  their 
intensities  be  determined,  we  may  suppose,  for  the 
sake  of  illustration,  that  the  ratio  is  unitv ;  in  other 
words,  the  two  lights  are  of  equal  intensity.  Let 
them  now  be  placed  125  inches  apart,  in  which  case, 
of  course,  the  photometer  disc  is  less  strongly  illumi- 
nated than  at  first,  and  it  will  be  found  that  the 
measurement  gives  the  blue  a  greater  intensity  than 
the  red.     Whereas  if  the  lights  are  now  moved  nearer 


together — to  a  distance,  say,  of  75  inches — in  which 
case  the  illumination  of  the  photometer  disc  is  greater 
than  in  the  first  instance,  and  the  ratio  of  intensities 
once  again  determined,  the  red  will  be  found  to  have 
a  greater  intensity  than  the  blue.  Thai  is,  broadly 
speaking,  in  faint  illumination  blues  are  more  prom- 
inent,   whereas   in    strong    illumination,    the   reds   and 
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yellows  are  accentuated.  This  effect  is  not  confined 
to  red,  yellow  and  blue  lights,  but  is  evident  in 
sources  having  merely  a  tinge  of  otte  or  another  of 
these  colors.  This  phenomenon  was  noted  by  Purk- 
inje  as  far  back  as  1820,  and  its  influence  in  photom- 
etry is  distinctly  recognized,  though  the  manner  in 
which  its  effect  is  allowed  for  by  different  observers 
is,  I  think,  open  to  serious  question. 
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First  let  me  illustrate  the  influence  of  the  Purkinje 
effect  in  some  tests  carried  out  with  Nernst  and  in- 
candescent lamps.  Figure  6  shows  the  relative  inten- 
sity of  two  single-glower  Nernst  lamps,  placed  on  the 
same  circuit,  with  constant  potential  maintained  at 
their  terminals.  The  distance  between  the  lamps  was 
decreased  in  moderate  steps,  thus  giving  an  increased 
illumination  of  the  photometer  disc.  The  lights  were 
screened,  the  one  with  a  bluish,  the  other  with  a  yel- 
lowish, screen,  so  that  the  effect  on  looking  at  the 
Bunsen  disc  was  not  very  different  from  that  pro- 
duced by  an  open-arc  and  an  incandescent  standard. 
After  a  setting  had  been  made  with  the  color  screens 
in  position — these  screens,  by  the  way,  being  carried 
in  the  photometer  box — they  were  removed,  and  the 
lights  calibrated  against  each  other.  This  was  re- 
peated for  each  distance  apart  of  the  two  lamps. 
Throughout  the  test  the  ratio  of  intensities  of  the 
unscreened  lights  remained  constant.  It  will  be  noticed 
from  the  plot,  however,  that  with  low  illumination  of 
the  photometer  disc  the  ratio  of  blue  to  yellow  is 
much  greater  than  when  the  disc  is  brightly  illumi- 
nated, as  it  is  with  the  two  lamps  close  together. 
Calling  the  ratio  of  the  blue  to  the  yellow  light  unity 
when  the  lights  are  farthest  apart,  the  illumination 
of  the  disc  in  this  case  being  assumed  arbitrarily  as 
I,  we  find  that  this  ratio  becomes  0.47  when  the 
lights  are  at  their  minimum  distance  apart,  and  the 
illumination  of  the  photometer  disc  is  9;  that  is,  nine 
times  as  great  as  it  was  in  the  first  position  of  the 
two  lamps.  By  merely  altering  the  illumination  of  the 
photometer  screen — in  this  instance  accomplished  by 
varying  the  distance  between  the  lights — the  measured 
intensity  ratio  of  the  two  given  lights  may  be  made 
to  vary  by  over    50   per   cent,   assuming   the   standard 
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ratio  to  be  that  obtained  for  the  least  intense  illumi- 
nation of  the  disc,  and  by  over  lOo  per  cent,  if  the 
standard  ratio  be  assumed  as  that  corresponding  to 
the  most  intense  illumination  of  the  photometer  disc. 
In  the  illustration  just  given  of  the  effect  of  this 
phenomenon,  the  difference  in  color  of  the  two 
sources  is  well  marked.  Let  us  next  consider  two 
lights  for  which  this  difference  is  but  slight.  Two 
incandescent  lamps  were  adjusted,  the  one  for  five 
per  cent  above,  the  other  for  seven  per  cent  below, 
the  rated  voltage,  thus  giving  one  a  whiter  light,  ihe 
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other  a  redder  light,  than  would  normally  result  with 
these  lamps.  The  ratio  of  the  intensities  for  different 
illuminations  of  the  photometer  disc,  that  is,  for 
different  distances  between  the  lamps,  is  given  by  the 
curve  in  Figure  j.  Here,  again,  we  observe  a  change 
in  intensity  ratio  from  3.8  to  3.1,  approximately, 
corresponding  (o  a  change  in  the  illumination  of  the 
disc  from  1.3  to  10,  although  the  color  difference  of 
the  two  incandescents  being  less  than  with  the 
screened  Nernsts,  the  variation  of  intensity  ratio  is  of 
course  less. 

One  more  illustration  will  suffice,  and   is  given  in 


the  comparison  of  a  Nernst  with  an  incandescent 
standard,  the  change  in  the  illumination  of  the 
Bunsen  disc  being  produced  as  before  by  varying  the 
distance  between  the  two  lamps.  In  this  case,  also 
(see  Figure  8),  the  characteristic  change  in  the  ratio  of 
intensities  due  to  the  Purkinje  effect  is  clearly  indi- 
cated. Naturally,  the  influence  of  this  particular 
physiological  phenomenon  is  much  more  marked  in 
arc-light  photometry,  where  the  bluish  color  of  the 
arc  against  the  yellowish  tinge  of  the  incandescent 
standard  gives  us  an  Ideal  combination,  so  to  speak. 
It    is    frequently   the    plan    to    allow  for    the    Purkinje 
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effect  in  this  case  by  cutting  down  the  intensity  of 
illumination  of  the  photometer  disc,  which  may  be 
accomplished  by  the  use  of  sectored  discs,  absorbing 
or  diffusing  media,  or  a  photometer  bar  of  great 
length.  The  illumination  is  reduced  to  such  a  point 
that  the  ratio  of  the  intensities  of  the  lights  to  be 
compared  becomes  fixed,  as  shown  by  a  constant 
reading  of  the  photometer.  This,  as  a  reference  to 
Figure  6  will  show,  is,  however,  nothing  more  nor  less 
than  accenting  the  blue  light  at  the  expense  of  the 
yellow  ;  in  other  words,  making  the  arc  light  appear 
to  have  a  much  greater  intensity  of  illumination    than 
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that  to  which  it  is  justly  entitled.  It  may  be  urged, 
it  seems  to  me,  with  equal  force,  that  we  increase 
the  illumination  of  the  disc  until  the  photometer 
reading  becomes  constant,  in  which  case,  as  shown  by 
Figure  6,  the  ratio  of  the  arc  to  the  incandescent 
will  be  less  by  a  very  considerable  percentage  than 
that  obtained  in  the  ordinary  way. 

The  changes  in  apparent  ratio,  due  to  the  influ- 
ence of  the  Purkinje  effect,  affect  the  whole  field  of 
arc-light  photometry.  Questions  of  distribution  curves, 
the  absorption  of  different  media  used  in  the  inclosing 
globes  for  arc  lamps,  the  relative  cfliciency  of  the 
open  and  the  inclosed  arc,  will  all  be  influenced  by 
the  decision  as  to  the  conditions  of  illumination  of 
the  photometer   disc   under  which   the   tests  are   made. 

Rather  than  continue  the  present  method  of  mak- 
ing comparisons  under  faint  illumination  for  arc-light 
work,  or,  as  in  many  cases,  letting  the  comparison  be 
carried  out  without  any  definite  understanding  as  to 
the  conditions,  it  seems  to  me  we  ought  to  decide  on 
a  definite  illumination  at  the  photometer  disc  in 
Hefner  meters,  under  which  tests  should  be  made. 
This  illumination  should  not  be  one  that  puts  the 
incandescent  light  at  such  a  disadvantage  in  compari- 
son with  the  arc  as  that  now  commonly,  not  to  say 
generally,  adopted.  There  are  other  objections  that 
may  be  urged  against  the  present  method  from  the 
standpoint  of  Talbot's  law,  but  with  these  we  need 
not  at  this  time  concern  ourselves.  Better  still,  pos- 
sibly, is  the  giving  up  entirely  of  intensity  measure- 
ments in  determining  the  efficiency  of  any  luminous 
scource,  replacing  these  by  tests  of  our  power  of 
seeing  under  the  illumination  of  the  particular  light  in 
question. 

In    closing,  it    is    distinctly    a   pleasure    to    express 


4o6 

my  appreciation  of  the  efficient  aid  that  has  been 
given  me  in  the  experimental  work  by  Mr.  R.  R. 
Lawrence,  instructor  in  electrical  engineering  in  the 
Massachusetts  Institute  of  Technology. 

The  President  :  Before  having  discussion  of  Professor 
Clifford's  paper  I  think  it  will  be  well  for  us  to  have  the  report 
of  the  committee  for  investigating  the  photometric  values  of 
arc  lamps,  by  Professor  C.  P.  Matthews,  of  Purdue  University. 


The  following  is  the  report  of  the  committee,  an  abstract  of 
which  was  read  by  Professor  Matthews  : 

FOURTH  PROGRESS  REPORT  OF  THE  COM- 
MITTEE FOR  INVESTIGATING  THE  PHO- 
TOMETRIC VALUES  OF  ARC   LAMPS 


Mr.  President  and  Gentlemen   of  the  National  Bleetrii 
Light  A ssociation  : 

Your  committee  submits  herewith  its  fourth  progress 
report. 

As  heretofore,  the  work  has  been  conducted  in  ihe 
photometric  and  electrical  laboratories  of  Purdue 
University,  to  which  institution  the  committee  would 
express  its  indebtedness.  The  committee  has  received, 
from  time  to  time,  requests  for  measurements  made 
upon  sources  other  than  the  arc  lamp.  Realizing  the 
importance  of  comparative  results,  the  committee  has 
during  the  past  year  authorized  tests  upon  several 
light  sources  now  in  common  use,  these  tests  to  be 
conducted  in  the  same  laboratories  and  with  the  same 
care  and  rigor  that  have  characterized  its  previous 
work.  More  particularly  the  sources  tested  during  the 
past  year  have  been  the  Nernst  lamp,  the  mantle 
burner  of  the  Welsbach  type  and  the  open  gas  flame. 

The  committee  would  express  its  obligation  to  the 
Nernst  Lamp  Company,  of  Pittsburg,  for  the  use  of 
lamps  and  shades  of  different  types.  The  other 
materials  used,  such  as  mantles  and  gas  tips,  have  been 
purchased  from  dealers  conveniently  at  hand, 

The  committee  hopes  that  the  data  and  results  in 
the  following  pages  will  be  regarded  as  a  fair  equiva- 
lent   for  the    financial    support    received,  and    that    the 
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broadened  scope  of  the  committee's  work,  which,  it 
will  be  noted,  is  not  exactlv  covered  bv  the  title,  will 
meet  with  a  favorable  reception. 

(Signed^  Henry   L.   Dohertv,  Chairman. 

\V.     E.    G<»LDSB<»ROLGH, 

C   p.  Matthews,  Photometrist. 

To    tilt     Committte  for    Investigating  the   Photometric 
I'aluiS  of  Arc  Lamps: 

The  material  of  the  following  pages  may  properly 

be  classified  as  follows  : 

( I  \    Tests  of  the  Nernsi  lamp 
\\\\    Tests  of  the  mantle  eas  burner 
(III  I    Tests  of  the  naked  aras  flame 
I IV  J     A  consideration   of   the  illumination  derived 
from  tiiese  sources. 

Al  !  AKA  :  ;■--     AM'     IM  r> 

For  the  work  on  iras  sources,  it  has  been  necessarv 
I'j  equip  a  special  room  with  a  photometer  capable  of 
eivinc.  if  desired,  the  mean  spherical  and  mean  hemi- 
>pherical  candle-power  at  one  setting,  the  apparatus 
beini:  similar  to  that  described  in  previous  reports  on 
the  photometrv  i>f  the  arc  light.  The  decision  to 
contmue  the  work  of  the  committee  was  made  some- 
what tardily,  and  the  equipment  of  this  room  with  the 
necessarv  photometric  apparatus,  meters  and  pressure 
reiiulators.  has  consumed  a  considerable  portion  of 
the  available  time. 

The  results  in  this  report  are  expressed  uniformlv 
in  candle-power.  The  values  may  be  reduced  to 
Hefner  U!:iis  hv   muhiplvinc  bv  the  factor   1.14. 

I  M*.»:.'MF  .  KN     vr      WW    NKXN*-:     LAMP 

Photometric  te>is  have  been  conducted  with   much 


care  on  Nernst  lamps,  of  the  one,  three  and  six-glower 
types,  equipped  with  the  various  globes,  shades  and 
heater  cases  furnished  by  the  manufacturers. 

In  Figures  i  and  2  the  globes,  shades  and  heater 
cases  are  well  shown,  as  regards  their  relative  size, 
contour  and  density. 

Figure   3   shows  the  different   images  of  the  ihree- 
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glower  Nernst  lamp  as  seen  from  a  point  near  the 
photometer  screen.  The  effect  is  precisely  that  which 
one  would  obtain  in  passing  half-way  around  the  lamp 
in  a  vertical  plane,  stopping  at  1 5-degree  intervals  to  view 
the  lamp.  The  distribution  of  candle-power  is  obtained 
bv  uncovering,  one  at  a  time,  the  mirrors  producing 
these  images,  while  the  mean  spherical  candle-power 
is    obtained    at   one    photometer  setting,  if    all  mirrors 
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are  uncovered  at  one  time  and  the  candle-power  from 
each  image  cut  down  according  to  a  definite  law. 
Incidentally,  these  images  show  the  large  amount  of 
light  thrown  downward  and  the  relatively  small  amount 
thrown  upward  in  this  type  of  lamp. 

In  Figure  5  are  given  six  curves  showing  the 
variations  of  candle-power  with  voltage  of  six  different 
single-glower  Nernst  lamps.  In  making  these  tests  the 
lamps    were    burned     under     normal     voltage     for     15 


minutes,  then  the  voltage  was  reduced  about  10  per 
cent  and  a  candle-power  reading  taken  at  the  end  of 
live  minutes.  At  the  end  of  each  subsequent  five- 
minute  interval  the  voltage  was  raised  about  two 
per  cent,  and  candle-power  readings  taken  after  five 
minutes  burning  at  the  new  constant  voltage. 

In  lamps  1.  j  and  5  the  glowers  were  new  and 
the  lamps  accordingly  gave  higher  candle-power  read- 
ings   than     did    lamps    2,    4    and    6,    which    had    been 
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burned    approximately    200    hours    before    they     were 
tested.     The   Nernst   lamp  goes  through   a  seasoning 
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prtKvss   in   the  early   part    of    its    life    during  which    its 
L-aiidlo-pmver    is    reduced.      Iluwevfr.  iho    candle-power 
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soon    reaches    a    value     below    which     there    is    little 
reduction  during  the  remainder  of  its  life. 

The    Nemst    lamps    used    in    determining    the    dis- 
tribution   curves    that   follow    were    new   when    tested. 


Table    A 

NERNST      LAMP 
Chan(;k  in  Candle-fowkr  with  Chan(;k  in  V<)i.ta(;k 


Per  Gem 
Voltage 


> 


8 
^         2 

Normal 

o       4 

t       6 

8 


» 


Per  Cent  Candle-power 


Lamp 

l.amp 

L*mp 

Lamp 

Lamp 

No.  I 

No.  a 

No.  3 

No.  4 

No.  5 
11.25 

18.30 

22.00 

11.20 

22.10 

15.19     17.10 

8.64 

18.75 

Q.70 

12.50  1  12.82 

6.04 

13.45 

8.15 

7.601     7.13 

3.45 

7.22 

5.04 

10.28  1    9.75 

5.17 

8.65 

8.93 

22.75 

19.80 

14.20 

19.25 

20.90 

35.25 

32.60 

29.30 

29.30 

34.10 

4f>.50 

43.10 

40.80 

39.40 

47.70 

Lamp 
No.  6 


27.50 
23.23 
18.00 
10.42 

11.38 
22.50 
33.20 
44.  fK) 


Average  Per  Cent 
Candle-power 


Lamps 
Nos.  1,3,5 


Lamps 
Nos.  3,4.6 


13.58 

10.84 

8.89 

5.36 


23.90 
19.69 

14.76 
8.26 


Average 
All 


e.13 

9-93 

19.28 

20.52 

32.88 

31.70 

45.00 

42.40 

18.74 

15.26 

11.83 

6.81 

9.03 

19.90 

32.29 
43.70 


Lamps  I,  3,  5  are  new. 

Lamps  2,  4,  6  aged  approximately  200  hours. 


Figure  6  shows  the  distribution  of  candle-power 
from  a  six-glower  lamp  in  a  horizontal  plane  con- 
taining the  glowers.  It  will  be  seen  that  the  candle- 
power  in  this  plane  varies  between  wide  limits. 
Normal  to  the  glowers  the  value  is  260  per  cent  of 
that  parallel  to  the  glowers.  This  horizontal  distribu- 
tion of  candle-power  is  characteristic  of  the  parallel 
arrangement  of  glowers  in  a  horizontal  plane.  It  is 
interesting  to  contrast  this  curve  with  similar  curves 
obtained  from  the  naked  gas  flame,  the  mantle  burner 
and  the  arc  lamp.  These  last-named  sources  give 
candle-power  distributions  in  the  horizontal  plane  that 


T  Scx-Glowek 


are  circular,  or  nearly  so.  When  the  Nernst  lamp  is 
equipped  with  a  diffusing  globe,  its  horizontal  distribu- 
tion of  candle-power  is,  of  course,  considerably 
rounded  out. 


Similar  facts  are  shown  from  a  consideration  of 
the  candle-power  distribution  in  different  vertical  planes. 
Thus,  in  Figure  7,  the  data  for  which  will  be  found 
in  Table   X,  further  on  in  this  report,  the  parallel  or 
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larger,    the 
larger,    and 


**  end-on  "  candle-power  curve  is  seen  to  be  the  smallest 
of  all.  The  candle-power  in  the  vertical  plane  15 
degrees    to    the    axis    of    the    glowers     is    somewhat 

candle-power  in  a  30-degree  plane  still 
so  on.  Because  of  this  unsymmetrical 
distribution  of  candle-power,  the  computation  of  the 
mean  spherical  intensity  presents  some  difficulties  not 
found  in  the  case  of  the  other  sources  referred  to. 
The  difficulties  are,  in  fact,  precisely  those  encountered 
in  spherical  measurements  on  an  incandescent  lamp. 
In  Table  1,  the  relative  errors  in  the  three  different 
methods  of  computing  the  mean  spherical  intensity 
from  candle-power  distributions  are  shown.  The 
methods  are:  (i)  From  the  mean  of  six  distribution 
curves  in  vertical  planes  15  degrees  apart;  (2)  From 
the  mean  of  two  distribution  curves,  namely,  parallel  and 
normal  to  the  glowers  ;  (3)  From  a  single  distribution 
curve  in  a  vertical  plane  35  degrees  to  the  glowers. 


Table   1 

errors  in  comprtation  of  mean  spherical  and  mean 

hemispherical  candle-power 


1.^4  trp 


Six-jflower,    Clear     ('»lobc.     Mtan      Hemi- 
spherical    

Six->;lo\ver.  Clear  lilohe.  Mean  Sj^herical.. 

Six->;lo\ver.  Pearl  Opal,  Clear  iiiobe,  N'tan 
Hemispherical 

Six-kjU^wer.  Pe.iri  Opal.  Cl^ar  iilohe.  Mean 
Spherical ' 

Three-v;K'Wer,    I\\ul     I'^pa-.     Clear    iii.^le.' 
Mean   Henn<pherical 

rhree-j;K>wer.     Pearl    i'^pal,    Cltar    ».i!t^*H-.' 
Mean  Spherical ' 


Mean  of    Six 
Curves  Everx 

Around 
Gl   wcrs 


I 


Mean  of 

Paralle:  and 

Normal 


35* 

Glowers 


Per  Cent  Error- 


o 


—4  3 
— 4- 

+ 


— 2 
— I 


Considering  the  rirsi   method  w\s  correct,   the  errors 
in    the    other    two     methods    are    as    tabulated.     The 
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second  method  seems  to  yield  a  result  correct  to 
about  one  per  cent  when  diffusing  globes  are  used, 
and  about  four  per  cent  when  clear  globes  are  used. 
It  was  found  that  there  is  no  single  plane  in  which  a 
candle-power  distribution  can  be  taken  and  integrated 
for  the  mean  spherical  intensity  with  correct  results 
for  all  types  of  globes  and  shades.  With  an  integrat- 
ing photometer,  however,  the  matter  becomes  simply 
that  of  taking  five  or  six  photometer  settings,  the 
mean  of  which  yields  the  value  sought. 

The  results  of  a  careful  test  on  a  single-glower 
Nernst  lamp  are  given  in  Table  II  and  in  Figures  8 
and  9.  This  lamp  is  rated  at  220  volts,  but  it  was 
found  that  more  uniform  candle-power  measurements 
could  be  obtained  by  operating  the  lamp  at  a  constant 
current  of  .4  ampere  through  the  glower.  Under 
these  conditions  of  operation  the  voltage  will  not  be 
exactly  220,  but  will  differ  but  slightly  from  that 
value.  The  results  show  that  the  Nernst  lamp 
equipped  as  indicated  gives  maximum  candle-power 
directly  beneath  the  lamp.  The  specific  power  con- 
sumption with  clear  globe  is  2.31  watts  per  mean 
hemispherical  candle-power  and  4. 1 1  watts  per  mean 
spherical  candle-power.  The  great  difference  in  these 
figures  is  due  to  the  fact  that  the  Nernst  lamp  throws 
the  great  volume  of  its  light  downward.  It  may  be 
said  that  for  many  purposes  this  distribution  of  light 
is  very  satisfactory,  there  being  sufficient  upward  light 
for  the  purposes  of  general  illumination,  while  the 
light  thrown  downward  within  an  angle  of  45  degrees 
from  the  vertical  is  very  strong,  making  a  desirable 
source  for  the  illumination  of  reading  tables,  counters, 
machines,  and  so  forth.  A  comparison  of  Figures  8 
and  9  brings  out  the  great  difference  in  the  distribution 
of  candle-power  in  the  two  vertical  planes  respectively 
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Fk;.  8 — DisTRiBiTioN  OF  Candi-k-I'owf.r  from  Singlk- Glower  Nernst 
Lamp,  in  Vertical  F^lank  Com"aimn(;  thk  Glowkr.  Glomes  as 
Imhcatei)  in  thk  Fkjirr 
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Fici.    9 — DisTRibUTiON    OK    Candi.k-powkr    from    Sin(;i,e-Gi.()\vkk    Nkknst 
Lamp,    in  Vertical   Plank    Normal   to  thk    Glower.      cii.DUKs   as 

InDICATKD   LN  the   FlGl^RK 
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parallel  and  normal  to  the  glowers,  to  which  reference 
has  already  been  made.  The  use  of  opal  and  sand- 
blasted globes  alters  the  distribution  of  candle-power 
in  such  a  way  as  to  diminish  the  downward  intensities 
and  increase  the  outward  and  upward  intensities. 


Table  II 

FOR  FIGURES  8  AND  9,  SINGLE-GLOWER  NERNST  LAMP 

220  Volts,  .4  Ampere 


Angle 


75^ 

A 

60^ 

A 

45' 

A 

30 

A 

!«;" 

A 

Hor. 

15^ 

B 

30^ 

B 

45" 

B 

60° 

B 

75° 

B 

Globes 


E.  M.  F 

Curreni 

Watts 

Mean  Hemispherical  Candle- 
power  

Watts  per  Mean  Hemispherical 
Candle-power 

Mean  Spherical  Candle-power  . 

Watts  per  Mean  Spherical  Can- 
dle-power  


Candle-power 
Angle  of  Vertical  Planet  to  Glower 


90" 


2.00 

2  15 
5  12 

25.45 
41  30 
51  10 
55  12 


1.93 
8.10 

34.72 
46.83 

49  27 
54.12 

62  01 

61.00 


Clear 
Globe 


223.7 

•4 
89. 

38.7 

2.31 

21.78 

4. 1 1 


00" 


6.70 

9.00 

13.29 

19.67 

27.67 

3585 
41.96 
46.00 


8  85 

1873 
28.05 

32  55 

37.13 
41.62 

42.52 

45  37 


90^ 


Sand-blasted 
(>lobe 


220.5 

.4 

88. 

31.8 

2.78 
20.5 

4.3 


6.53 
8.12 

II  03 
1303 
16.01 
19.12 
20.07 
22.82 
22.90 
2378 
24.67 


6.72 
8.12 
12.93 
15.87 
19.27 
22.02 
22.47 

24.97 
25.01 

25.88 
2597 


Pearl  Opai 
Globe 


224.2 

.4 
89. 

21.4 

4.19 
18.I 

4.95 


In  Tables  III,  IV  and  V,  and  in  Figures  lo  to  15, 
inclusive,  will  be  found  the  results  of  a  careful  test  on 
the  three-glower  Nernst  lamp,  equipped  with  the 
various  heater  cases,  globes  and  shades  furnished  by 
the  manufacturers.  As  tested  with  a  constant  current 
of  .4  ampere  per  glower,  this  lamp  consumes  approxi- 
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mately  260  watts.    It  yields  mean  hemispherical  candle- 
power  ranging  from   64.3  for  the   pearl   opal   ball,  to 


^S>-. 


^6 


A 


\ 


HCR. 


\v^ 


/ 


/ 


/ 


y 


y 


/ 


7fl 


"  -^o^ 


Fig.  10— Distribution  of  Candlk-i'owkr  in  a  Plank  Parai.lkl  t<i 
Glowers  for  Thrke- Glower  Lamp  Eqviited  with  Globes  as 
Indicatei) 


1 18.4  for  the  clear  heater  case  ;  the  corresponding 
values  of  watts  per  mean  hemispherical  candle-power 
being  J..18  and  2.22. 
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The  wide  variation  in  these  values  indicates  clearly 
how  it  is  possible  to  alter  the  flux  of  light  below  the 
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Kit..    II  —  Dl'ilKIIU   HON    OK    CaMU  t-l'OWI-R    IN   A   Pl.ANE   NuRMAI.    TO  Gl.OWKRS 

hoK    I  HKFK-iH  owtK  Lamt  Eol  h  rn»  wirn  Globe  as  Indicated 


horizontal  plane  by  the  use  of  different  globes  and 
shades,  and  is  a  strong  argument  against  the  rating  of 
lamps  on  the  basis  of  mean  hemispherical  candle-power. 
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or,  for  that  matter,  on  any  basis   that   does   not   take 
into  account  the  total  volume  of  light  emitted  by  the 


^ 


Fig.  12 — Distribution  of  Candle-power  in  a  Plane  Parallel  to  Glower 
FOR  Three-Glower  Lami*  Eqiipped  with  Clf:ar  Heater  Case  am» 
Shades  as  Indicated 


source.  Coming  now  to  a  comparison  of  the  light 
output,  based  on  the  mean  spherical  candle-power,  we 
find  a  minimum  of  51.9  and  a  maximum  of  68.7,  the 

«9 
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power  consumption  being  the  same  as  in  the  previous 
case.  The  corresponding  variation  in  specific  power 
consumption  or  watts  per  mean  spherical  candle-power. 


8 
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Fi  •.  iji— D>:k:>;v  :un  of  Cwmi  ivwik  in  a  Pi  ask  Normal  to  Gluwers 
KOK  TnKH-itLvnxiK   Lw.i    E'^i-.r-n-  w : ; «   Cifar  Hf-\ter   Case   and 


is  from  ^.oo  lo  ;.S4.  li  is  evident  that  the  variation 
in  mean  spherical  candle-power  can  be  due  6nly  to 
diflferences  in  the  absorbing  power   of  the  globes  and 
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shades  used.  To  put  the  matter  in  another  way,  this 
three-glower  lamp,  consuming  approximately  a  constant 
power,    is    made   to   yield    through    the   agency  of   its 


Fig.  14 — DiSTRiBi-TiON  of  Candle-power  in  a  Plane  Parallel  to  Glowers 
FOR  Three-Glower  Lamp  Equipped  with  Opalescent  Heater  Case 
AND  Shades  as  Indicated 


nine  different  equipments  a  maximum  variation  of  84 
per  cent  in  mean  hemispherical  candle-power  and  a 
maximum  variation  of  32  per  cent  in  mean  spherical 
candle-power. 
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It  is  worthy  of  note  that  the  use  of  a  shade  on  a 
lamp   does    not    necessarily   increase    the    mean    hemi- 
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Fit..    15— DlSTRlBrXION   OK  C.\M)LF-It»\VKR    IN    A    Pl.ANE   NORMAL   TO  GL0W»RS 

n»R  Thrkk-Glowkr  Lamp   E«ji  htki»  with  Opalescfnt  Heater   Case 

\M>    SHADKS    as    lNl)K'ATKr> 


spherical  candle-power.  For  instance,  a  shade  extending 
even  slightly  below  the  horizontal  may  cut  down  the 
horizontal    candle-power    quite    markedly ;    enough,    in 
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fact,  to  more  than  offset  the  increase  in  candle-power 
directly  below  the  lamp.  Figure  12  furnishes  a  good 
example  of  this  peculiarity.  Here  the  shade  cuts  off 
all  the  light  down  to  about  25  degrees  below  the 
horizontal,  and  in  consequence  of  this  fact  the  mean 
hemispherical    candle-power   without    shade    is   slightly 

Table  III 

FOR  FIGURES  lo  AND  ii.  THREE-GLOWER  NERNST  LAMP 

220  Volts,  1.2  Amperks 


Angle 


30   A 
15    A 
Hor. 
15^  B 
30'  B 

45  B 
60**  B 
75^  B 


Globes 


Candle-power 
Angle  of  Vertical  Planes  to  Glowers 


9o» 


7.4      II. o 

9-5'    57.7 
12.0      75.4 

41.9. 125.5 
80.0    152.6 

116. 8  167.3 
I  134.8  '  163.9 

142.7    162. 9 


o** 

90* 

©• 

20.1 

33.0 

46.5 

23.6!    S7.0 

51.7 

34.9 

85.7 

58.7 

52.7 

106.5 

60.3 

77.4 

116. 0 

62.1 

102.5 

122.5 

64.3 

109.5 

132.7 

61.6 

115.4    121.9 

1 

61.7 

oo" 


E.  M.  F 

Current 

Watts 

Mean  Hemispherical  Candle-power 

Watts  per  Mean  Hemispherical 
Candle-power 

Mean  Spherical  Candle-power 

Watts  per  Mean  Spherical  Candle- 
power  


51.5 
56.7 
65.7 

67.4 
68.2 

67.2 

64.3 
61.6 


Pearl  Opal 
Globe 


224. 
1 .2 

268. 

4.1S 

55.5 

4.85 


greater  than  the  niean  hemispherical  candle-power  with 
shade,  the  actual  values  being  118.4  against  117. 4 
The  results  of  a  similar  series  of  tests  on  a  six-glower 
Nernst  lamp  are  to  be  found  in  Tables  VI,  VII  and 
VIII,  and  in  Figures  16  to    21,  inclusive. 

Curves  of  Figures  16  to  21   have  the  same  general 
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contour  as  those  for  the  three-glower  lamp.  It  will 
be  noted,  however,  that  the  test  includes  a  type  of 
globe  not  found  in  the  tests  previously  described, 
namely,  the  opalescent  globe.  It  is  interesting  to 
note  the  relative  candle-power  of  the  one,  three  and 
six-glower  lamps.     In  Figures  22  and  23  will  be  found 


Table  IV 

FOR  FIGURES  12  AND  13,  THREE-GLOWER  NERNST  LAMP 

220  Volts,  1.2  Amperes 


Angle 


30^  A 
15    A 
Hor. 
15    B 


30 
45 

75' 


B 
B 
B 
B 


Gli'bes 


E    M    F 

Current  

Waits 

Mean  Hemispherical  Candle-power 

Walls  per  Mean  Hemispherical 
Candle-power     

Mean  Spherical  Candle-power 

Walts  per  Mean  Spherical  Candle- 
power 


Candle^  wer 
Angle  of  Vertical  Planes  to  Glowers 


6.7 

7-5 

16.3 

52.1 

91.4 

123.8 

142.3 
169.8 


Clear  Heater 
Case 


219.5 
1.2 
263. 
118. 4 

2.22 

68.7 

3.84 


9o<» 

o* 

9o» 

o* 

9.4 

50.8 

91-3 

4.0 

5.3 

15. 1 

124.2 

18.2 

23.9 

22.9 

148.9     108.8 

158.3 

105.5 

166.0 

156.0 

202.2 

149.0 

152.3 

175.0 

196.8 

190.5 

187.7 

221.0 

237.6 

193.9 

90' 


18.2 

33.9 
168.0 

201.4 

228.0 

236.0 


Clear  Heater 

Case.  Metal 

Shade 


Clear  Heater 

Case,  Opal 

Shade 


219.5 

1.2 

263. 

117. 4 

2.25 

58.7 

4.49 


220. 

1.2 
264. 
TI8.3 

2.23 
68.5 

3.86 


distribution  curves  plotted  to  the  same  scale  for  the 
three  lamps  with  two  diflferent  equipments,  namely, 
clear  and  opal  globes.  These  curves  are  the  mean  of 
parallel  and  normal  distributions.  The  relative  power 
consumption  per  unit  of  candle-power  is  shown  in 
Table    XI,    which    gives   the   watts   per    mean    hemi- 
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spherical  and  per  mean  spherical  candle-power  for  each 
of  the  three  types  of  lamp. 

The  table  shows  clearly  that  the  three-glower  lamp 
is  slightly  more  efficient   than   the   single-glower  lamp 
and  the  six-glower  lamp  considerably  more  efficient  than 
the   three-glower.     This   increase   in   efficiency   can    be 

Table  V 

FOR  FIGURES  14  AND  15,  THREE-GLOWER  NERNST  LAMP 

220  Volts,  1.2  Ampkres 


Angle 


30"  A 

Hor. 
15*^  B 


30 

75' 


B 
B 
B 
B 


Globes 


E.  M.F 

Curreni - 

Waits 

Mean  Hemispherical  Candle-power 

Watts  per  Mean  Hemispherical 
Candle-power - 

Mean  Spherical  Candle-power 

Watts  per  Mean  Spherical  Candle- 
power  


Candle-power 
Angle  of  Vertical  Planes  to  Glowers 


90" 


51.2 


71.4 


63.8,    85.5 

78.9      91.8 

92.8      95.2 

100. 1      92.8 

108.7     IOI.2 


Opal  Heater 
Case 


220.7 
1.2 
264. 
85.6 

3.09 

58.2 

4.55 


7.0 

40.8 

TOO. 3 

129. 1 

151. 7 
172.0 


90« 


7.6, 

43.7 
140.0  , 
168.9 
170.8 
179.9 


Opal  Heater 

Case.  Metal 

Shade 


220. 

1.2 
264. 

103 -7 

2.54 
5».9 

5.09 


90« 


27.5, 

20.6  ! 
16.2 

37.6 

89-3 
121. o 

131-3 
154.8 


26.6 
21.6 
18.6 
47.0 
110.8 

131.5 
143.0 

163  2 


Opal  Heater 
Case,  Opal 
Shade 


220.  < 

1.2 
264. 

90  8 

2.91 
5».i 

4.89 


accounted  for,  if  we  remember  that  a  number  of 
glowers  in  close  proximity  must,  through  mutual 
radiation,  operate  at  higher  temperature  than  would 
an  isolated  glower.  This  will  be  true  in  spite  of  the 
fact  that  multiple  glowers  must  screen  the  light  from 
one  another  in  certain  directions,  dependent  upon  their 
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arrangement  in  the  holder.  Thus,  if  the  number  of 
glowers  be  increased,  in  the  type  of  lamp  with  which 
we  are  dealing  in  these  tests,  the  horizontal  intensity 
will  not  increase  in  the  same  ratio  as  the  downward 
intensity,  because  of  the  screening  action  of  one  glower 


Table  VI 

FOR    FIGURES  16  AND  17,  SIX-GLGWER  NERNST  LAMP 

220  Volts,  2.4  Amperes 


Angle 


30  A 
15  A 
Hor. 
15^  B 
30'  B 
45  B 
(K>'  H 
75^  B 


Globes 


E    M    F 

Current 

Watts 

Mean  Hemitiphericai 
Candle  power 

Watts  per  MeanHem- 
ispherical  Candle- 
power  

Mean  Spherical  Can- 
dle-power  

Watts  perMean  Sphe- 
rical Candle-power 


Candle-power 
Angle  of  Vertical  (Manes  to  Glowers 


18.0 

18.7 
41.4 

125.4 
247.6 

319.6 

35t>-7 
367.6 


90" 

60.9 
()0.6 

113.9 
322.7 

374.0 

414.4 

396.9 

399-3 


Clear 
Globe 


226.0 

2.4 
542. 

289.2 


1.83 
163.9 

3.30 


90' 


51.3 
60.6 

90.9 

147.5 
216.7 

273.8 
273.8 


71.8 
104. 1 

154.6 
254.8 
291. 1 

299.3 
289.0 


287.0      297.6 


Sand-blasted 
Globe 


228.3 

2.4 
547. 

239.1 


2.29 
150.4 
3.64 


90* 


61.5 

80.4 

I18.3 

170.5 

231.7 
298.8 

320.9 

333.0 


83.7 
TI4.0 
168.6 

232.5 
288.7 
328.0 
320.7 

307.4 


M^" 


Opalescent 
Globe 


226.5 
2.4 
543. 

258.6 


I01.8 
I19.2 
140.6 
152.2 
166. 1 

171.9 
164.2 

162.6 


Il6.2 
133.4 
159.9 
177.1 
181.9 

187.7 
170.4 
162  9 


Pearl  Opal 
Globe 


229.5 

2.4 
550. 

169.3 


2.10 

3.25 

168.6 

1374 

3.22 

4.01 

upon  another.  Figure  24  brings  out  this  fact  very 
clearly.  Here,  the  ordinates  are  candle-power  values 
normal  to  the  glowers  in  a  horizontal  plane,  and  the 
abscissae  the  number  of  glowers  in  service.  The  candle- 
power  seems  to  increase  approximately  proportionally 
to    the   number  of  glowers,   but   doubling  the  number 
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of  glowers  does  not,  by  any  means,  double  the  candle- 
power.  The  horizontal  arrangement  of  glowers  does 
not  tend  to  produce  strong  horizontal  candle-power, 
except,  of  course,  in  the  case  of  the  single-glower 
lamp.       Furthermore,    the    normal    candle-power   must 


Table  VII 

FOR  FIGURES  i8  AND  19,  SIX-GLOWER  NERNST  LAMP 

220  VoT.TS,  2.4  Amtkres 


Candle-power 

Angle  of  Vertical  PUnes  to  Glowers     . 

Afiffle 

1 

o* 

II. 3 

i 

©•             go* 

30    A 

21.3     50.2 ;     8.7 

42.7         52.3 

15     A 

22.4     93.2      8.4 

II. 0 

36.9      47-9 

Hor. 

31-4     128.4 

q.5 

10.9 

32.4      42.8 

15^  B 

130.4  1 295.3 

48.3 

66.0 

52.3      86.3 

30^  B 

228.5 

369.7 

272.6   410.2 

270.2    412.0 

45    B 

306  I 

398.0 

367.9 

465-1 

360.2    445.3 

60"  B 

360.7    410.7 

409.7 

464.3 

393.1     442.4 

75^  B 

404.0  1  420.2 

478.9 

517.6 

429  7    473.8 

Clear  Heater 
Case 

Clear  Heater 

Clear  Heater 

Globrs 

Case,  Meul 

Case,  Opal 

Shade 

Shade 

E.  M.  F 

226. 5 
2. a 

227. 

1   A 

226. 

Current 

2.4 
542. 
264.2 

Walts 

543-                    544. 
285.7                  262.4 

Mean  Hemispherical  Candle-power 

Watts     per    Mean     Hemispherical 

Candle-power 

1.90                    2.08 
162. 1        1        m.2 

2.05 
155.8 

Mean  Spherical  Candle-power 

Watts  per  Mean  Spherical  Candle- 

power  

3.3^> 

4.15 

3.4^ 

inevitably  be  considerably  greater  than  the  "end-on" 
candle-power.  The  glowers  may  be  so  arranged  as 
greatly  to  increase  the  normal  candle-power  without 
increasing  the  ** end-on"  candle-power.  Figure  25 
shows  very  clearly  the  effect  of  three  different  arrange- 
ments  of   the   glowers    with    respect    to    the     heaters. 
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The  effects  are  precisely  those  that  would  be  expected, 
and  discussion  of  them  is  hardly  necessary. 

Although  the  six-glower  Nernst  lamp  takes  about 
20  per  cent  more  power  than  either  the  direct  or 
alternating-current  arc  lamps  commonly  used,  yet  it 
is,    as  regards    maximum   candle-power,   a  light  source 

Table  VIII 

FOR  FIGURES  20  AND  21.  SIX-GLGWER  NERNST  LAMP 

220  Volts,  2.4  Ampkres 


Anfsle 


^  A 


30 
15^  A 
Hor. 
!«;    B 
30    B 

60^  B 
75^  B 


r;iob 


ts 


Candle-power 
Argle  of  Vertical  Planet  to  Glowers 


6T.5 

83.3 
"54 
162.8 

216.3 

259.7 
2«8.8 

295.0 


90' 


85.2 
120.8 
168.8 
224.7 
252.6 
2746 
281.9 
291.9 


Opal  Heater 
Case 


E.  M.  F 225.5 

Current 2.4 

Watts 541. 

Mean  Hemispherical  Candle-power  234.2 
Walls     per    Mean     Hemispherical 

Candle-power 2.31 

Mean  Spherical  Candle-power 156.0 

Watts  per  Mean  Spherical  Candle- 
power  3.47 


o* 


9n« 


8.7 

8.4 

8.2 

III. 3 

282.6 

369.7 
409.6 

407.0 


10.9 

9.2 

8.3 

[II. o 

287.6 
364.2 
403.8 

434.4 


Opal  Healer 

Case,  Meul 

Shade 


226. 

2.4 
542. 

253.8 

2.14 
126  9 

4.27 


50.5 
42.9 

36.9 
62.3 

266.7 

3325 
351.0 
378.2 


9o« 


55  2 

49-5 

41.4 

131. 7 

327.7 
376.6 

382.7 

395  9 


Opal  Heatrr 

Case,  Opal 

Shade 


227.5 

2.4 
546. 
243-3 

2.24 
148.9 

3.67 


of  the  same  order  of  brightness,  and  hence  a  com- 
parison of  the  three  sources  is  justifiable.  Figure  26 
shows  the  mean  distribution  curve  of  the  six-glower 
Nernst  lamp,  equipped  with  both  clear  and  opal 
globes,  plotted  on  the  same  sheet  with  the  curves  for 
standard    multiple    and    series,    direct    and    alternating 
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current  arcs.  (See  Table  XII.)  These  arc  curves 
have  been  taken  from  previous  reports  of  the  com- 
mittee.      The    lamps    on    which    these    measurements 


Fig.  i6 — Distribution  of  Candi.e-fowkr  i.v  a  Plane  Parallel  to  Glowers 
FOR  Six-Glower  Lamp  EgriPi'ED  with  Globes  as  Indicated 


were  made  were  equipped  respectively  for  interior  and 
street  service :  the  multiple  direct  and  alternating-cur- 
rent arc  lamps   and  the    direct-current   series  arc  lamp 
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having  opalescent  inner  globes  and  clear  outer  globes, 
and  the  alternating-current  7.5-ampere  series  arc  lamp 
having  an  opalescent  inner  globe  and  a  metal  shade. 


3"  ^ 


HOR. 


75' 


*'    I-— DlSTRIBlTION   OK  CaMU  F-I't>\\  KR  IN    A    Pl.ANK   NoKMAI.    TO   GLOWKRS 

'^"^    '«>»  Six-Glowkr   Lami'   Kqi  iri'KO  wini   Gi.obfs  as  Indicated 


U  will  be  noted  thai  the  candle-power  distribution  of 
tb^  Nernst  lamp  is  altogether  different  from  that  of 
tfcie  arc   lamps.       The    Nernst   lamp   is  strong   where 
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the  arc  lamps  are  weak,  and  vice  versa.  The  points 
of  intersection  of  the  curves  form  segments  that  show 
the  superiority  in  certain    zones  of  the  several  lamps. 


8 

CM 


8 


o 


a 


HOR. 


/ 


Fig.  i8— Distribution  of  Candlk-power  in  a  Plane  Parallel  to  Glowers 
FOR  Six-Glower  Lamp  Equipped  with  Clear  Heater  Case  and 
Opal  and  Metal  Shades  as  Indicated 


Those  who    prefer  to  study  curves  of  illumination, 
rather    than    curves     of     candle-power,    will     find     in 
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Figure    27  a  normal    illumination  plotted  as   ordinates 
against  distances  from   the   lamp  along  the  horizontal 


Fig.  19— DisTKiBrrioN  ov  Candlk-powkr  in  a  Plank  Normal  to  Glowkrs 
FOR  Six-Glower  Lamp  Equipped  with  Clkar  Heater  Cask  and 
Opal  and  Metal  Shades  as  Indicated 


as    abscissae.      All    three    lamps    are    suspended    at    a 
height  of    25    feet    from    the  ground.     Owing    to    the 
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fact  that  the  curves   are   very  flat,  and    hence  difficult 
to    read   at    distances   greater    than    loo    feet,    it    has 


Fig.  20— Distribution  ok  Candi.k-power  in  a  Plane  Parallel  to  Glowers 
FOR  Six-Glower  Lamp  EQurppFi)  with  Opalescent  Heater  Case 
AND  Opal  and  Metal  Shadfs  as  Indicated 


seemed  expedient  to  plot  the  right-hand  portions  of 
these  curves  to  a  larger  scale  in  Figure  28.  Because 
of  the  strong  intensity   of  the  Nernst  lamp    below  45 
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degrees  from  tbc  borizoataU  the  illuminarioo  of 
somewhat  remote  irilK  in  general,  be  enhanced 
lamp  is  raised.     This    point    is  ven*    clearlj 


shown   in 
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Figure  29.  which  exhibits   the    illumination  in    candle- 
feet  due  to    the  six-glower    Nernst    lamp,  at    distances 
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ranging  from  50  to  150  feet  from  the  base  of  the 
pole  for  various  pole  heights,  ranging  from  25  to  50 
feet.      A   single    example    will    illustrate    the    use    of 

Table  IX 

FOR  FIGURE   25,  SIX-GLOWER  NERNST  LAMP 
320  Volts,  2.4  Amperrs.      Special  Arrangement  of  Glowers 


Candle-power 

Angle 

Arrange- 

Arrange- 

Arrange- 

ment z 

ment  • 

ment  \ 

30"  A 

6o.g 

67.1 

94.5 

15'  A 

90.6 

126.0 

106,5 

Hor. 

113.9 

222.4 

196.2 

15"  B 

322.7 

289.7 

267.4 

30'  B 

374.0 

350.9 

318.4 

45**  B 

414.4 

415.9 

369.7 

60*'  B 

396.9 

381.2 

356.0 

75°  B 

399.3 

368.9 

375.9 

Clear  Globe— Normal  to  Glowers. 


Table  X 

FOR  FIGURE  7,  SIX-GLOWER  NERNST  LAMP 
Equipped  with  Clear  Globe 


Candle-power 
Angle  of  Vertical  Plane  to  Glowers 


45* 

6o» 

75' 
6.0 

28.7 

48.0 

51.7 

72.9 

87.2 

92.3 

IOI.8 

108.8 

267.8 

299.5 

322.5 

359.4 

367.1 

386.9 

375  3 

391 -9 

411. 5 

392.2 

386.1 

393.3 

384.8 

39^.  7 

361  8 

90- 

60.9 
90.6 

"39 
322.7 

374  o 
414.4 
396.9 
399.3 


Mean 


36.7 

54.2 

867 

248.1 

3346 

372.7 
3723 
379.9 


these  curves.     Suppose   that    maximum  illumination  is 
desired  at  a  point  50  feet    from    the  base  of  the  pole. 
The  lamp    should    be    placed  at  a    height   of    25  feet ; 
30 
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anything   lower  or  higher  would    diminish  the    illumi- 
nation at  this  particular  point.      To   secure  maximum 


HOR. 


FUi.     22 — MkAN     DisIKMU  HON    ClKVh>    OF     LaMTS     E<Jl'llM*EI»    WITH 

Cl.KAR    (Jl.oHK 


illumination  at  a  point  as  far  away  as   150  feet  would 
require  a  height  of  lamp,  in  most  cases,  impracticable 
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to  attain.  It  is  obvious  that  the  placing  of  a  lamp 
so  as  to  secure  maximum  illumination  at  some  partic- 
ular point  is  usually  a  matter  irreconcilable  with  the 
attainment  of  maximum  mean  illumination  over  a 
given  distance.  Figure  30  shows  the  mean  illumina- 
tion between  50  and  150  feet,  and  also  the  illumina- 
tion at  150  feet  for  the  Nernst  lamp  suspended  at 
various  heights,  ranging  from   15  to  50  feet. 


Table  XI 

RELATIVE     POWER    CONSUMPTION     PER    CANDLE-POWER     OF 

ONE,    THREE    AND    SIX -GLOWER     LAMPS    WITH 

VARIOUS  GLOBES  AND  HEATER  CASES 

Watts  Per  Mean  Hemispherical  Candle-power 


Number  of 
Glowers 

Opal 
Heater  Case 

Clear 
Heater  Case 

Clear 
Globe 

Opal 
Globe 

Sand  blasted 
Globe 

I 

3 

6 

3.09 
2.31 

2  22 
1.90 

2.31 

2.33 

1.88 

4.19 
4  18 

325 

2.78 
2.72 
2  29 

Watts 

Per  Mean  Spherical  Candle-power 

• 

Number  of 
Glowers 

Opal 
Heater  Case 

Clear 
Heater  Case 

Clear 
Globe 

Opal 
Globe 

Sand-blasted 
Globe 

I 

3 

6 

4.55 

4.  II 
404 
3.30 

4.95 
4.85 
4.01 

4.30 
4.28 

3.64 

PHOTOMETRY    OF    THE    MANTLE    GAS    BURNER 

With  a  view  of  getting  representative  results  on 
gas  nnantles  of  the  Welsbach  type,  a  variety  of 
mantles  were  purchased  in  the  open  market.  These 
mantles  were  classified  according  to  their  retail  price, 
as  follows  : 

Class  A — Retail  price,  35  to  60  cents 
Class  B — Retail  price,  20  to  30  cents 
Class  C — Retail  price,  below  20  cents 
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Table  XII 

FOR     FIGURE    26. 


Anjple 


15' 

A 

Hon 

15^ 

B 

30" 

B 

45" 

B 

60'' 

B 

75^ 

B 

90^ 

B 

Multiple 

Multiple 

Series 

Series 

Nernst 

n.  C.  Arc 

A.  C.  Arc 

D.  C  Arc 

A.  C.  Arc 

6-Glower 

C.  P. 

C.  P. 

C.P. 

C.P. 

176 

163 

285 

215 

37 

202 

167 

359 

310 

87 

252 

186 

397 

375 

248 

283 

191 

415 

440 

335 

260 

169 

375 

445 

373 

201 

134 

295 

420 

372 

156 

88 

200 

355 

380 
400 

Nernst 
6-Glower 


97 
146 

205 

263 

315 
320 

320 

330 


Globes 


E.  M.  F 

Current 

Watts 

Power  Factor 

Mean    Spherical  Candle- 
power  

Mean     Hemispherical 

Candle-power 

Watts    ] 

per      f  Spherical 

Candle-  [Hemispherical 
power     J 


Opal 
Inner, 
Clear 
Outer 

Opal 
Inner, 
Clear 
Outer 

Opal 
Inner, 
Clear 
Outer 

110 

no 

71.6 

4-9 
529 

6.29 

4»7 
.6 

6.55 
469 

I 

182 

140 

239 

167 

360 

2.90 
2.25 

3.02 
2.53 

1.3 

Opal 
Inner, 
Meul 
Shade 


73.8 

7.5 
469 

.83 


394 


1. 19 


3.30 
1.88 


Opal 
Globe 


226.5 
2.4 

543 
I 

168.6 

258.6 

3.22 
2.10 


From  the  first,  great  difficulty  was  had  in  the 
photometric  work  on  gas  sources,  because  of  varia- 
bility  in    the    gas   pressure    in    the    service    mains    at 
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NO.  OF  GLOWERS  IN  HOLDER 

Fig.  24 — Screening  Ekfect  of  Glowers  at  Horizontal,  Normal 

TO  Glowers 

Purdue  University.      That   the   candle-power   of  a  gas 
mantle  is  dependent  in  a  marked  degree  upon  the  gas 


pressure,  is  clearly  shown  in  Figure  31,  which  exhibits 
the  candle-power  \n  a  horizontal  direction  for  different 
gas  pressures,  ranging  from  1.6  to  2.8  inches  of  water. 


»^oo^ 


Fig.  as— DisTRiBM 


These    results  were    obtained    with    the    orifice   of    the 
burner  so  adjusted  as  to  give  maximum   candle-power 
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for  each  pressure.  These  results  make  it  clear  that 
candle-power  measurements  on  mantle  burners  are 
meaningless  unless  conducted  under  conditions  of 
constant  pressure. 


Fig.  36 — CoMpAKATivK  Distriri' 


Failing  in  various  expedients  to  control  the  gas 
pressure  with  sufficient  exactness  during  the  daytime, 
the  experimenters  were  compelled  to  make  all  gas 
measurements  after   midnight,    as    it   was    found    that 
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uniform  pressure  could    be   depended  upon  during  the 
early  hours  of  the  morning. 

Figure  32  shows  the  horizontal  distribution  of 
candle-power  about  an  ordinary  gas  mantle  mounted 
in  a  burner  having  three  side  supports  for  the  mantle. 
It  is  clear  that  the   distribution  would  be  practically  a 


Fi(j.  2g— Ej' 


MK  Six-Gic 


I  Merxst  I^mp 


circle  were  it  not  for  the  screening  effects  of  these 
supporting  rods.  It  will  be  noted  that  there  are  three 
depressions  in  the  curve  corresponding  to  the  posi- 
tions of  the  rods.  The  minimum  horizontal  candle- 
power  in  this  instance  is  about  57.  the  maximum 
about  76.  The  position  of  the  supporting  rods  is 
indicated  in  the  middle  of  the  figure. 
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In  Table  XllI  and  Figure  33  are  to  be  found  the 
results  of  tests  of  four  samples  of  Class  **  A  "  mantles, 
inclosed  in  a  clear  glass  chimney,  but  without  other 
globe  or  shade.  This  wing-shaped  distribution  of 
candle-power  in  a  vertical  plane  is  characteristic  of  the 
ordinary  gas  mantle.  The  maximum  candle-power  is 
found  at  about  15  degrees  above  the  horizontal,  because 
from  this  point  of   view    the    visible  area  of  incandes- 


30  35 

POLE  HEIGH  r 


Fig.  30— Effect  of  Varying  Polk  HEroHT  on  Mean  Illi  mination  50  to  150  Fekt, 
AND  on  Illumination  at  150  Feet,  Six-Glower  Nernst  Lamp 


cent  surface  is  probably  a  maximum.  It  will  be 
noted  that  samples  10  and  12  depart  considerably 
from  the  mean,  the  maximum  variation  from  the  mean 
being  perhaps  10  per  cent,  in  the  case  of  sample  10, 
at  15  degrees  above  the  horizontal.  On  account  of 
the  position  of  the  maximum  candle-power  in  these 
curves,  the  mean  hemispherical  candle-power  is  uni- 
formly larger  above  than  below  the  horizontal.  The 
mean  gas  consumption  for  Class  **  A  "  mantles  working 
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The  effect  upon  the  candle-power  distribution  of 
the  mantle  burner  of  different  types  of  shades,  is  very 
clearly  shown  in  Figure  37.  This  figure  shows  the 
alteration  in  the  shape  of  the  candle-power  curve,  pro- 
duced  by   the   use   of   two    types   of   porcelain   shade. 


Table  XIII 

FOR  FIGURE  33,  CLASS  '' A  "—INCANDESCENT  GAS  MANTLES 


Angle 


75  A 
60'  A 
45' A 
30  A 
15=  A 
Hor. 

15'  B 
30  B 
45  B 
60  B 
75    B 


Cubic  Feet  Gas  Used  per  Hour. . . 
Mean   Hemispherical    Candle- 
power — 

Upper 

Lower 

Mean  Spherical  Candle-power... 
Cubic     Feet     of    Gas    Used    per 
Mean     Hemispherical    Candle- 
power — 

Upper 

Lower 


Cubic    Feet   Gas  Used  per 
Spherical  Candle-power, . 


Mean! 


29.4 
37.8 
55.6 
64.0 
77.6 
67.4 
64.4 
63.0 

53.5 

36.4 

3.7 


'^.6 


to.o 
54. » 
57.1 


Candle-power 


No.  9     I    No.  10 


.060 
.066 

.063 


26.4 

38.8 

55.8 
60. 9 
68.6 
62.2 

59-3 
57.0 
45.0 
26.4 

3.5 


No.  II 

28.3 

No.    13 

25.8 

38.4 

37.5 

57.5 

61.3 

64.8 

68.6 

76.0 

83.0 

68.8 

74.1 

68.0 

63.5 

68.5 

66.4 

52.0 

49.0 

24.Q 

29.2 

3-5 

3.6 

Mean 


27.5 
38.2 

57.6 
64.6 

76.3 
68.1 

63.8 

63.7 

49.9 
29.2 

3.6 


indicated  in  the  figure,  and  one  type  of  holophane 
globe.  This  last  globe  reduces,  the  maximum  at  15 
degrees  above,  and  increases  correspondingly  the 
downward  candle-power  in  angles  below  45  degrees. 
An  inspection  of  the  figures  for  mean  spherical 
candle-power  in  Table  XVI  shows  that  the  use  of  per- 
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celain  shades  on  a  mantle  burner  is  accompanied  by 
very  slight  reduction  of  total  flux  of  light  from  the 
source.  The  absorption  produced  by  the  holophane 
globe  is  about   13  per  cent. 

Figure    38    exhibits    the   illumination    on   a    plane 
normal    to   the    ray    produced    by    the    mantle   burner 


Table  XIV 

FOR  FIGURE  34.  CLASS  *' B"— INCANDESCENT  GAS  MANTLES 


Angle 


No.  3 


75 
60^ 

45*^ 
30^ 

15'' 


A 
A 
A 
A 
A 


Hor. 
15'  B 


30^ 

45* 
60^ 

75^ 


B 
B 
B 
B 


28.8 
44.1 

68.8 

78.7 
85.0 

84.5 
83.0 

80.4 

69.6 

390 

4.1 


4.1 


704 


Candle-power 


No.  4 


29.1 

45.5 
58.5 
71.6 
85.0 

77.1 
70.8 

74.0 

633 

33  3 

3.5 


No.  5 


24.6 
36.5 

55.3 

65.3 
78.0 

66.9 

62.6 

64.8 

55.? 
30.8 

3.6 


Cubic  Feet  Gas  Used  per  Hr. 
Mean  Hemispherical  Candle- 
power — 

Upper , 

Lower 68. 5 

Mean    Spherical    Candle- 
power  69. 5 

Gas  Used  per  Mean  Hemi- 
spherical Candle-power — 

Upper .058 

Lower 060 

Gas  Used  per  Mean  Spher- 
ical Candle-power .059 


3.36 

4.13 

66.3 

60.8 

1 

59.8 
53.4 

63.6 

56.6 

1 

.051 

.055 

.069 
.077| 

.053 

.073 

1 
1 

.064 
.068 


No.  6 

No.  7 

20.5 

26.7 

32.2 

38.2 

51.4 

56.5 

57.4 

63.0 

68.5 

71.8 

62.0 

64.1 

56.5 

62.0 

63.0 

66.7 

53.8 

52.6 

29.0 

28.0 

3.6 

3.8 

3-43 

3.%3 

53.4 

58.1 

50.5 

52.9 

>i.9 

55.5 

No.  8 


26.7 

37.6 

55.4 
63.2 

74.0 

66.0 

62.1 

65.0 

52.7 
38.6 

4.0 


.059 
.065 


349 


58.6 
52.8 

55  7 


.059 
.066 


.062      .063 


Mean 


26.0 

39.0 

57.7 
66.5 

77.1 
70.1 
66.3 
69.0 

57.9 
33-1 

3.8 


3.66 

61. 1 
56.5 

58.8 


.060 
.065 

.062 


placed  at  a  height  of  12  feet  above  the  street.  The 
illumination  varies  from  the  maximum  of  .187  candle- 
feet  at  a  distance  of  10  feet,  to  .0105  candle-feet  at  a 
distance  of  80  feet.  Changing  the  height  of  the 
burner  has  hut  little  effect  on  the  illumination  at 
points  beyond    50  feet  from   the  lamp,  but  changes  in 
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a  marked  degree  the  illumination  at  points  near  by. 
This  is  shown  by  the  curves  in  Figure  39,  which 
establishes  the  fact  that  the  mantle  burner  should  be 
placed  quite  low  to  secure  best  illumination  out  as 
far  as  80  feet  from  the  lamp.  Raising  the  lamp  is 
accompanied    by    a   diminution    of   illumination   at   all 


Table   XV 

FOR  FIGURE  35,  CLASS  "C  "—INCANDESCENT  GAS  MANTLES 


Angle 

Candle-power 

No.  I 

No.  a 

Mean 

75^  A 

34.7 

330 

33.8 

60^  A 

42.0 

43.3 

42.7 

45^  A 

59.8 

61.6 

60.9 

30^  A 

70  6 

71  5 

71.0 

15^  A 

785 

842 

81.3 

Hor. 

75.0 

74.0 

74  5 

15^  B 

71.3 

71.0 

71.2 

.  30'   B 

70.0 

72  5 

71.3 

45'=  B 

56.1 

57.1 

56.6 

60"  B 

33.3 

36.6 

34.8 

75"  B 

• 

3.4 

'3.5 

3.5 

Cubic  Feel  Gas  Used  per  Hour. . 

3.83 

4.14 

3.99 

Mean     Hemispherical     Candle- 

power — 

Upper 

64.8 

66.6 

65.7 

Lower 

58.0 

59.1 

58  6 

Mean  Spherical  Candle-power. . . 

61.4 

62.9 

62.2 

Gas  Used  per  Mean  Hemispher- 

ical Candle-power- 

Upper 

■059 

.062 

.061 

Lower 

.066 

.070 

.06S 

Gas    Used    per    Mean    Sperical 

Candle-power 

.062 

.066 

.064 

points  within  the  distance  range  mentioned.  These 
facts  are  more  clearly  shown  in  Figure  40,  which 
gives  both  the  illumination  at  80  feet  away  from  the 
lamp,  and  the  mean  normal  illumination  as  a  function 
of  the  pole-height.  Increasing  the  height  of  the  lamp 
31 
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from    8   to    20   feet   diminishes   the  mean  illumination 
over  the  range  considered  by  nearly  25  per  cent. 

PHOTOMETRY  OF  THE  OPEN  GAS  FLAME 

Following    are    the    results    of   a   short    series   of 
tests  of  the  candle-power  and  gas  consumption  of  the 

Table  XVI 

FOR  FIGURE   37,    L\CANDESCENT   GAS    MANTLE   WITH    SHADES 


Angle 


75^  A 
6o' A 
45*' A 
30"  A 
15^  A 
Hor. 
15'  B 
30^  B 
45"  B 
60"  B 
75°  B 


Cubic  Feet  Gas  Used  per  Hour 

Mean     Hemispherical    Candle- 
power — 

Upper 

Lower 

Mean  Spherical  Candle-power 

Gas  Used  per  Mean  Hemispherical 
Candle-power — 

Upper 

Lower 

Gas  Used  per  Mean  Spherical  Can- 
dle-power   


Candle-power 

Without 

Shade 

Shade 

Shade 

Shade 

No.  I 

No.  a 

No.  3 

26.30 

41.20 

54.12 

39.70 

42.85 

29.45 

36.78 

37.80 

58.65 

18.22 

30.00 

35.30 

68.35 

33.76 

23.50 

37.17 

78.60 

71.15 

47.26 

40.65 

68.42 

75.qi 

67.97 

59.59 

67.15 

7440 

80  40 

61.20 

67.00 

82.75 

85.30 

61.26 

53.75 

75.55 

77.10 

62.68 

28.80 

55.85 

58.00 

58.33 

3.70 

29.80 

3.75 

38.20 

56.50 

3.75 

3.75 

3.75 

62  60 

46  00 

40.40 

41.00 

55  20 

71.20 

76  20 

61.20 

58.90 

58.60 

58.30 

51  10 

.c6o 

.082 

.093 

.092 

.068 

.053 

.049 

.061 

.064 

.064 

.064 

.073 

ordinary  open  gas  flame.  An  assortment  of  tips  was 
secured  from  different  dealers  conveniently  at  hand. 
In  seeking  to  test  these,  it  was  soon  found  that  the 
nominal  rating  of  the  tip  had  scarcely  any  significance, 
either    as    regards    the    gas    consumption    or    candle- 
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power.  Table  -XVII  gives  the  results  of  a  number 
of  tests  on  tips  supposed  to  admit  of  a  consumption 
of  gas  ranging  from  one  to  four  cubic  feet  per  hour, 
according  to  their  marking.  It  will  be  seen  that  in 
some  cases  a  one-foot  tip  gives  as  high  a  candle-power 


.  39— Ekfect 


Incandkscekt  Gas  Mantlks 


as  a  four-foot  tip  with  no  higher  gas  consumption. 
Apparently  the  classification  adopted  is  a  meaningless 
one.  Table  XVIII  and  Figure  41  give  the  complete 
results  of  a  series  of  tests  of  candle-power  and  gas 
consumption  of  five  tips  operated  under  a  gas  pres- 
sure of  1.2  inches  of   water.     In    this  table  the  distri- 


4^3 

bution  of  candle-power  is  given  in  two  vertical  planes, 
respectively  parallel  and  normal  to  the  broad  side  of 
the  flame.  These  are  referred  to  as  o  degree  and  90 
degrees,  respectively.      The    mean   of    the  two  candle- 
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Fig.  40— Effect  of  Varying  Polk  Height  on  Mean  Illumination 
20  TO  80  Feet,  and  also  on  Illumination  at  8o  Feet,  Mantle 
Gas  Bi-RNER 


power  readings  is  also  tabulated  and  forms  the  basis 
of  the  curves  in  Figure  41.  Tips  Nos.  2  and  5 
represent  extreme  conditions  found  in  the  entire  series 
of  tests;   I,  3   and    4    represent    more    nearly    average 
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conditions.  From  the  curves,  mean  spherical  candle- 
power  was  found  in  the  usual  way,  and  the  gas  con- 
sumption per  candle-power  tabulated.  It  is  evident 
from  these  tests  that  the  candle-power  of  gas,  as 
found  in  ordinary  commercial  service,  can  be  deter- 
mined only  by  means  of  a  very  large  number  of  tests. 


Table  XVII 


SHOWING  VARIATION   IN   SIZE  OF   ORIFICE  OF  OPEN- 

FLAME   LAVA   TIPS 


Nominal  Rating^ 
of  Tip 

Pressure  of  Gas  in 
Inches  of  Water 

Horizontal 

Candle-power 

Normal  to  Flame 

1 

Cubic  Feet 

of  Gas  Used 

Per  Hour 

I  Cubic  Fool.. .  ] 

1.2 

18.50 

6.15 

1.2 

14.90 

6.66 

2  Cubic  Feet  . .  ] 

1.2 

485 

•5.30 

1.2 

3.60 

3.33 

'i                1.2 

13.20 

6.70 

1                ^o 

22.50 

8.30 

3  Cubic  Feet...  J  !                '  ^ 

11.70 

7.06 

i                       12 

9  45 

6.70 

I  2 

30.20 

15    70 

1                 '-3 

29.20 

16.15 

I.O 

12.68 

6.49 

I.O 

18.80 

S.20 

1.2 

17.00 

571 

4  Cubic  Feel. . .  -j 

1.2 

16.10 

8.06 

1.2 

17.85 

930 

1.2 

9.10 

6  90 

« 

1.2 

14.70 

6  50 

Chemical  analyses  of  the  gas  used  in  this  work 
show  a  very  considerable  variation  in  the  composition 
of  the  gas  at  different  times.  An  analysis  made  under 
the  supervision  of  the  department  of  chemistry  of 
Purdue  University  on  April  23,  1903,  on  which  day 
a  large  number  of  candle-power  measurements  were 
made,  gave  the  results  shown  in  Table  XIX. 
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Table  XIX 

1.  Carbon  'Dioxide  (and  Hydrogen  Sulphide) 5.0 

2.  Free  Oxygen 3.0 

3.  Heavy  Hydrocarbons 4.8 

4.  Carbon  Monoxide 5.0 

5.  Methane 45-2 

6.  Free  Hydrogen 27.7 

7.  Free  Nitrogen  (by  difference) 9.3 

By  volume 100  o 

The  gas  is  supposed  to  be  a  mixture  of  coal  gas 
and  water  gas  (enriched),  but  evidently  contains  a 
large  quantity  of  natural  gas. 

Respectfully  submitted, 

C.   P.  Matthews,  Photometrist. 

Paul  G.  Winter,  )   ^     . 

^r  -r    1^  i  Assistants. 

Terry  T.  King,      ) 


After  the  reading  of  the  report  Professor  Matthews  gave 
an  exhibition  and  description  of  the  Matthews'  integrating 
photometer. 

The  President  :  Gentlemen,  I  think  that  instead  of  dis- 
cussing these  papers  at  this  moment  it  will  be  better  to  have 
the  report  by  Mr.  Arthur  Williams  on  Decorative  and  Sign 
Lighting.  While  it  may  not  be  a  technical  paper,  it  may  be 
well  to  have  all  these  papers  on  the  subject  of  lighting  at  the 
same  time. 

(Mr.  Williams  presented  the  paper,  which  will  be  found  in 
Appendix  A.) 

DISCUSSION 

The  President  :  I  am  sure  we  shall  find  this  report  of 
Mr.  Williams  very  instructive  and  interesting.  It  is  gotten  up 
in  a  most  artistic  manner  and  is  worthy  of  careful  preservation. 
The  discussion  on  the  paper  of  Professor  Clifford,  the  report  of 
the  photometric  committee  and  the  report  of  Mr.  Williams,  is 
now  open. 
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Professor  Goldsborougu  :  Mr.  President  and  gentlemen  : 
I  have  listened  to  Professor  Clifford's  paper  and  the  reports  of 
Professor  Matthews  and  Mr  Williams  with  a  great  deal  of 
interest.  I  think  the  suggestions  that  Professor  Clifford  has 
made  and  the  results  of  which  he  has  told  us  are  going  to  be 
of  the  greatest  value  to  the  photometric  committee.  The  com- 
mittee consists  of  Mr.  Doherty,  Professor  Matthews  and  myself. 
I  have  done  so  little  of  the  committee  work  this  year  that  I  feel 
I  can  speak  of  it  as  an  outsider.  The  entire  credit  of  all  the 
tests  rests  with  Professor  Matthews,  who,  with  two  assistants, 
has  almost  wrecked  his  health  this  year  in  his  endeavor  to  bring 
before  you  results  that  will  be  of  great  value  to  the  National 
Electric  Light  Association,  especially  when  they  are  put  in 
printed  form  and  you  have  an  opportunity  of  comparing  the 
different  sources  of  illumination  studied — the  arc.  incandescent, 
Nernst,  Welsbach  and  flat-flame  gas  lights.  I  doubt  if  the 
membership  of  the  association  really  appreciates  the  work  that 
Professor  Matthews  has  done  during  the  past  four  years.  You 
perhaps  do  not  know  that  photometry,  through  the  work  that 
this  association  has  forwarded  and  through  funds  that  it  has 
supplied,  has  been  very  much  advanced  as  a  science  over  what 
it  was  before.  The  arc-light  photometric  methods  developed 
by  this  association  are  now  practically  the  standard  for  arc-light 
photometry:  and  I  believe  the  instrument  shown  here  lo-day 
by  Professor  Matthews  for  use  in  studying  and  making  quick 
tests  on  incandescent  lamps  will  prove  of  the  greatest  value  to 
the  association  and  to  the  electrical  fraternity  at  large. 

As  regards  Mr,  Williams'  paper,  1  have  been  particularly 
pleased  to  see  so  many  beautiful  examples  of  electric  lighting 
brought  together  in  the  way  in  which  he  has  arranged  them. 
The  chairman  of  the  committee  on  arc-light  photometry, 
Mr,  Doherty,  suggested  to  me  some  time  ago  that  it  would  be  a 
nice  thing  if  this  association  could  be  represented  next  year  at 
the  St.  Louis  exposition  by  a  display  of  methods  for  decorative 
lighting,  and  after  seeing  this  report  by  Mr.  Williams  il  has 
occurred  to  me  that  Mr,  Doherty's  suggestion  is  well  worthy 
your  serious  consideration,  in  view  of  the  fact  that  it  will  call  to 
the  attention  of  the  general  public,  in  a  most  attractive  way,  the 
possibilities  of  lighting  and  of  producing  very  fine  effects  on  all 
occasions,  whether  of  a  social  or  a  business  nature. 

Mr.  Arthur  Williams:  I  would  ask  Professor  Clifford- 
speaking  of  the  drop  in  voltage  causing  a  drop  in  the  candle- 
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power  of  the  Nernst  lamp,  not  immediately  recovered — to  what 
extent  that  drop  occurs,  either  in  candles  or  percentages,  and 
the  full  time  required  to  bring  the  candle-power  of  the  lamp  10 
its  normal  value  again  ? 

Professor  Clifford  i  I  have  here  curves  showing  the 
results.  When  the  voltage  was  dropped  10  volts,  held  there  for 
one  minute  and  then  restored  to  its  normal  value — which  in  the 
case  in  hand  was  215  volts— the  illumination  changes  due  to  the 
drop  in  voltage  were  in  ratios  about  5.4  to  4.9,  and  the  lamp  did 
not  return  to  its  normal  illumination  until  after  a  period  of 
about  eight  minutes.  For  a  drop  in  voltage  of  five  volts  from 
32.^  volts,  held  there  for  half  a  minute,  the  changes  in  the  ratios 
were  about  5,1  to  4.9,  and  the  lamp  did  not  return  to  normal 
candle-power  for  a  period  of  about  four  minutes  ;  so  that  in  the 
matter  of  the  change  of  five  volts  it  is,  roughly  speaking,  five 
minutes  ;  tor  a  change  of  10  volts,  something  like  10  minutes.  In 
both  cases  the  Nernst  lamp  was  compared  with  an  incandescent, 
which  was  one  of  the  standard  lamps  we  have  at  the  Institute  of 
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ered. 

:  shall   all  be  glad   to  hear 


nd  the  variation  of 
or  that  need  be  cons 

The  President  :  I  am  sure  ■ 
from  Mr,  Hanks. 

Mr.  M.  W.  Hanks  (Pittsburg,  Pa.) :  If  the  pressure  is  dropped 
on  a  Nernst  lamp,  of  course  the  candle-power  will  also  drop. 
On  raising  that  pressure  again  the  candle-power  will  of  course 
go  up,  but  not  instantly,  to  its  full  value  ;  but  tor  all  practical 
purposes,  in  general  illumination,  it  does  not  come  back.  For 
standard  work  the  voltage  is  not  supposed  to  vary  to  a  great 
extent,  but  when  it  does,  means  for  control  are  introduced. 

Dr.  Nernst  uses  one  of  his  glowers  for  standard  work  with 
splendid  results.  The  glower  in  this  case  is  operated  in  the  free 
open  air  ;  that  is  to  say.  there  is  no  heater  near  it.  He  uses  an 
alcohol  torch  to  bring  the  glower  to  conductivity.  T)ie  light 
passes  through  a  slit  of  such  width  as  to  eliminate  the  terminals 
of  the  glower.  The  ballast  is  of  the  regular  standard  type,  or 
an  ordinary  resistance.  The  candle-power  of  the  glower  is  kept 
steady  by  keeping  the  current  constant  rather  than  the  pressure. 
Dr.  Nernst  has  been  using  this -glower  standard  for  some  time 
and  has  obtained  splendid  results;  he  likes  it  better  than  the 
incandescent  lamp.  The  Nernst  Lamp  Company  has  not  used 
this,  however.     It  uses  the  incandescent  lamp  as  a  standard. 

Rollins    (Hartford,    Conn, J :    I   would    ask 
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Professor  Clifford  what  the  result  is  in  rise  of  voltage;  if  it 
takes  as  long  a  time  for  the  normal  candle-power  to  be  resumed 
in  that  case  as  in  the  other. 

Professor  Clifford  :  I  am  sorry  I  can  not  give  you  any 
figures  on  the  rise  in  voltage. 

Mr.  Arthur  Williams  :  I  would  ask  Professor  Clifford  if 
the  figures  he  gave,  5.4,  4.9,  were  in  percentage  or  in  candle- 
power.  Some  time  ago  I  witnessed  a  test  of  the  osmium  lamp, 
in  which,  to  show  the  durability  of  the  filament,  the  pressure 
was  increased  from  the  normal  of  50  volts  to  70  or  80  volts, 
with  a  corresponding  increase  in  candle-power;  but  after  the 
pressure  was  restored  to  the  normal  the  candle-power  was  much 
below  the  normal — to  the  extent  of  perhaps  only  50  per  cent  of 
normal.  It  took  some  time  for  the  candle-power  to  recover 
itself  to  the  standard. 

Professor  Clifford  :  The  figures  that  I  gave  were  the 
actual  ratios  of  the  Nernst  to  the  standard  incandescent ;  that 
is  to  say,  the  ratio  before  the  change  of  voltage  was  4.9,  then 
after  a  drop  in  voltage  the  candle-power  changed  to  5.4*  return- 
ing after  eight  minutes  to  its  initial  value  ;  so  the  percentage 
change  would  be  something  like  12  percent  if  expressed  in 
that  way. 

Professor  Matthews  :  I  have  a  chart  that  may  be  of 
interest.  The  Nernst  lamp,  starting  at  210  volts,  ran  to  230 
volts,  220  being  normal,  with  practically  a  straight-line  relation. 
The  change  in  candle-power  is  very  considerable.  The  change 
of  one  per  cent  in  the  voltage  would  make  several  per  cent  in 
candle-power;  at  210  volts,  27  candle-power,  at  230  volts  it 
would  go  up  to  59  candle-power;  so  the  change  is  very  g^eat. 
Those  having  these  measurements  in  charge  made  the  tests  at 
constant  current  rather  than  at  constant  voltage.  They  put 
through  each  glower  four- tenths  of  an  ampere  uniformly  and 
maintained  it  at  such.  We  made  a  slight  variation  in  the 
voltage  and  got  mach  more  uniform  candle-power  results  at 
constant  current  than  at  constant  voltage. 

Mr.  Ryan  :  I  am  pleased  to  note  that  Professor  Matthews' 
records  on  the  watis  per  candle  of  the  Nernst  lamp  compare 
favorably  with  results  that  I  have  obtained  during  the  past  year, 
except  that  my  results  show  slightly  higher  efficiency  under  the 
various  conditions.  I  should  like  to  ask  Professor  Matthews 
what  globes  were  used  on  the  lamps  when  he  obtained  the 
results  shown  in  the  curves  ? 


47  » 

Professor  Matthews:  I  presume  you  refer  to  the  case  of 
the  arc-light  curves.  My  impression  is  that  the  direct-current 
arc  is  with  an  opalescent  inner  globe  and  the  alternating;  arc 

with,  probably,  an  opalescent  inner  globe  and  a  shade. 

Mr.  Ryan  :  Are  those  the  curves  published  this  year? 

Professor  Matthews:  Ves. 

Mr.  Rvan  :  These  are  ihe  same  curves  you  reported  on  last 
year.  I  think  a  better  understanding  would  have  been  obtained 
had  you  shown  the  Nernst  lamp  with  opal  globes,  thus  giving  a 
better  comparison,  as  it  would  then  be  under  the  same  operating 
conditions.  You  have  shown  the  Nernst  lamp  with  a  clear 
globe  and  the  arc  lamp  with  an  opal  globe,  which,  of  course, 
favors  the  Nernst  lamp. 

I  fear  that  I  shall  be  obliged  to  take  exception  to  the  state- 
ments of  Professor  Matthews  with  regard  to  the  whiteness  of  the 
Nernst  light.  When  this  lamp  was  first  introduced  the  light 
was  fairly  while  and  of  high  efficiency,  but  had  short  life.  The 
life  has  been  considerably  improved,  and  of  course  the  efficiency 
has  come  down  and  the  color  has  become  more  of  an  orange 
yellow.  The  color  of  the  Nernst  light  to-day  approximates 
very  closely  the  incandescent  light  in  quality.  While  it  is 
possibly  slightly  whiter  when  new,  it  possesses  a  broken  color 
effect  or  muddiness,  due  probably  to  a  dark  absorption  band 
that  exists  in  the  green  end  of  the  spectrum.  This  lack  of 
brilliancy  or  distinctness  is  noticeable  in  the  reflections  from  all 
colors  as  well  as  from  black  and  white.  For  some  time  I  have 
been  conducting  investigations  on  the  color  effects  of  various 
lights  with  instruments  designed  especially  for  the  purpose. 
One  of  these  instruments — the  lumichromoscope — is  so  arranged 
that  four  lights  can  fall  simultaneously  upon  the  material  under 
examination.  The  candle-power  of  the  lights  is  carefully 
measured  and  the  intensity  is  brought  to  the  same  candle-foot 
value  for  each  light,  thus  eliminating  all  error  due  to  tint  and 
shade  or  to  the  difference  that  would  exist  if  the  light  falling 
upon  the  material  from  the  different  lamps  were  not  all  of  the 
same  intensity.  We  have  remaining,  therefore,  a  difference  due 
purely  to  the  wave  composition  of  the  various  lights.  I  have 
here  a  few  reproductions  from  the  instruments  in  question.  We 
will  first  consider  the  effects  of  four  different  lights,  the  arc, 
Nernst,  Welsbach  and  incandescent — falling  upon  a  piece  of 
white  material.  The  contrasts  are  so  great  as  to  be  almost 
incredible  ;  as  we  are  not  accustomed  to  seeing  the  color  effects 


of  different  lights  drawn  to  such  a  small  focus,  the  difference 
appears  much  greater  than  we  realize. 

I  might  mention,  however,  that  every  precaution  was  taken 
by  the  artists  in  reproducing  these  effects  lo  have  ihcm  as 
nearly  correct  as  possible.  The  investigation  has  been  a  long 
and  expensive  one,  and  we  could  noi  afford  to  deceive  ourselves 
and  make  statemenis  that  would  have  to  be  corrected  later  on. 
In  order  to  be  on  the  safe  side,  I  have  given  the  Nernst, 
Welsbach  and  incandescent  the  benefit  of  the  doubt  :  that  is  to 
say,  these  lights  arc  a  little  further  removed  from  white  than 
the  reproduced  chart  would  lead  one  to  believe.  Later  on,  when 
the  differences  of  light  are  more  thoroughly  understood,  we  can 
with  safety  pat  before  the  public  reproductions  of  the  charts 
that  I  am  now  showing  you.  Again  referring  to  the  white 
chart,  it  will  be  observed  that  the  arc  light  is  fairly  white  :  the 
Nernst  and  incandescent  are  considerably  removed  from  white 
and  are  not  very  different  from  each  other.  The  Nernst  has  a 
slight  advantage  over  the  incandescent  toward  white,  but 
possesses  the  broken  color  or  muddy  effect  just  referred  to. 
You  will  observe  this  throughout  all  the  charts.  Of  course  the 
Welsbach  is  very  far  off  toward  green,  ■  The  red  chart  appears 
to  be  the  same  for  all  the  lamps  except  the  Welsbach,  which  is 
considerably  off  toward  the  reddish  orange.  On  the  orange 
chart  about  the  same  relation  exists  as  with  the  red,  except  that 
the  Welsbach  is  down  to  an  orange  brown,  the  other  three 
retaining  lo  a  considerable  degree  the  proper  color  effect.  On 
the  yellow  chart  there  is  a  wide  difference  in  all  the  lights.  The 
arc  stands  first,  the  incandescent  second,  and  there  appears  to 
be  a  toss-up  between  the  Welsbach  and  the  Nernst.  Here  the 
Welsbach,  Nernst  and  incandescent  are  far  removed  from 
their  proper  color,  such  as  you  obiain  in  daylight  or  under  the 
arc.  We  next  have  a  green.  Here  the  Welsbach  and  arc  arc 
almost  the  same,  the  incandescent  stands  third,  with  the  Nernst 
at  the  bottom  of  the  list.  Were  it  not  for  the  broken  color 
effect  the  Nernst  would  stand  third. 

I  now  show  you  the  blue,  in  which  the  arc  is  the  only  one 
that  shows  anything  like  the  daylight  color  of  the  material. 
We  next  have  the  violet,  in  which  the  same  relation  exists  as  in 
the  blue;  the  Nernst  and  incandescent  are  almost  identical, 
while  the  Welsbach  is  very  far  removed,  and,  in  fact,  the  arc  is 
the  only  light  in  which  this  material  cao  be  viewed  to  get  the 
daylight  effect. 
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In  addition  to  the  lumichromoscope  there  is  another  instru- 
ment, which  we  call  the  parachromoscope,  which  is  virtually  a 
multiple  projector  with  specially  ground  lenses  and  diaphragms 
so  that  all  lights  can  be  brought  to  the  same  value  at  the  UD 
line  by  the  aid  of  an  integrating  photometer.  This  insures 
accuracy  in  the  color  effects  of  the  different  lights. 

Mr.  Arthur  Williams  :  I  ask  if  these  samples  were  made 
with  open  flame  and  the  absence  of  shades  ? 

Mr.  Ryan  :  The  arc  lamp  was  an  alternating-current,  t.d- 
ampere,  inclosed  arc,  with  opal  globe  and  concentric  diffuser. 
The  Welsbach  was  also  run  under  ordinary  conditions  ;  the 
Nernst  had  a  ground-glass  globe  and  the  incandescent  lamp 
had  a  clear  bulb. 

Mr.  Hanks  :  This  color  subject  is  certainly  interesting. 
The  color  differences  that  I  have  been  able  to  notice  have  not 
by  any  means  been  so  marked  as  these  shown.  Possibly  it  is 
due  to  my  eyes.  I  would  ask  how  the  different  lights  were 
brought  to  the  same  intensity,  and  also  if  the  Nernst  lamp  was 
burning  at  the  right  efficiency  ;  that  is  to  say,  did  you  have  the 
right  voltage?  When  making  a  test  of  this  kind  it  is  important 
that  every  lamp  should  be  run  under  exactly  normal  conditions. 
I  understand  that  there  is  an  opal  globe  on  the  arc  lamp  and 
clear  globes  on  the  other  lamps.  We  all  know  that  there  is  an 
absorbing  effect  whenever  you  allow  a  light  to  pass  through  a 
colored  glass,  and  if  you  are  going  to  compare  lights,  is  it  fair 
to  compare  one  light  with  a  colored  glass  over  it  and  the  other 
lights  bare  ? 

Mr.  Ryan  :  The  most  practical  way  to  compare  the  illumi- 
nation of  the  various  lights  is  to  equip  them  as  they  would 
be  equipped  for  regular  service.  The  inclosed  arc  possesses  a 
high  percentage  of  violet  light,  which,  of  course,  must  be  partly 
filtered  out  by  the  use  of  an  opal  gl^be,  or  otherwise.  The  test 
was  made  unde;*  this  condition,  and  it  is  the  condition  under 
which  the  lamps  operate.  The  Nernst  lamp  was  run  with  the 
equipment  sold  with  it ;  that  is,  ground-glass  globe.  The  com- 
plete sets  of  tests  and  charts  were  made  ;  one  with  the  Nernst 
lamps  running  at  normal  voltage,  and  another  set  running  at 
three  volts  high,  thus  giving  it  a  slight  advantage. 

Mr.  Arthur  Williams:  I  ask  Mr.  Ryan  whether  he  found 
the  alternating-current  or  the  open  arc  the  whiter  ? 

Mr.  Ryan:  The  open-arc  lamp  gives  a  better  light  for 
matching  colors  than  an  inclosed-arc  lamp,  particularly  if  the 
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latter  IS  equipped  with  a  clear-glass  globe.  By  the  proper 
selection  of  globes,  the  inclosed  arc  can  be  balanced  for  color  so 
as  Co  approximate  average  daylight.  Of  course,  with  the  open 
arc  we  have  the  disadvantage  of  uneven  distribution  and  con- 
centration, which  produces  strong  retinal  fatigue  and  after- 
images, thus  robbing  all  colors  of  their  purity  and  hindering 
distinctness  of  vision  and  normal  color  perception. 

Professor  Matthews  :  As  to  the  matching  of  colors,  is  it 
not  true  that  if  you  take  a  piece  of  fabric  of  any  kind  and  cut  it 
in  two,  the  two  parts  will  look  alike  when  examined  In  any 
source  of  light  whatever,  no  matter  whether  it  be  Welsbach, 
open  gas  or  arc  light,  or  anything  else?  Any  source  of  light 
will  serve  to  match  two  colors  that  are  alike  to  begin  with.  For 
instance,  a  woman  wants  to  buy  a  dress  to  wear  at  a  reception. 
If  the  reception  hall  is  illuminated  by  incandescent  lamps  she 
should  go  to  a  store  illuminated  by  incandescent  lamps  and 
choose  her  dress,  otherwise  it  will  not  look  the  same.  The 
reason  that  fabrics  look  different  is  chiefly  because  we  have 
changed  the  source  of  light.  Two  pieces  cut  from  the  same 
cloth  will  always  look  alike  under  the  same  light.  We  some- 
times think  that  the  proper  thing  is  to  have  colors  look  by 
artificiai  light  the  same  as  they  look  by  daylight.  That  Is  not 
necessarily  true.  To  refer  again  to  the  matter  of  dress — if  the 
dress  is  worn  in  the  evening  it  should  look  in  the  evening  as  it 
looked  to  the  woman  when  she  bought  it,  or  when  she  wears  it 
it  will  not  suit  her. 

The  Pkesioent  :  The  point  brought  out  as  to  color  match- 
ing is  very  interesting.  Mr.  Ryan  illustrated  that  very  cleverly 
at  a  meeting  in  this  city  some  time  ago,  and  although  the  con- 
ditions to-day  arc  not  such  as  to  allow  him  to  make  the  same 
illustrations,  we  should  be  pleased  to  hear  from  him  on  the 
subject. 

Mr.  Ryan  :  What  Professor  Matthews  says  is  true  to  a 
certain  extent,  and  when  we  reach  a  point  where  stores  will  have 
separate  departments  for  evening  goods  and  day  goods,  evening 
goods  can  be  selected  under  the  lights  under  which  they  will  be 
used.  For  instance,  a  store  might  have  these  rooms  labeled 
"Goods  to  be  worn  under  the  Welsbach  light,"  "Goods  to  be 
worn  under  the  incandescent  light,"  "Goods  to  be  worn  in 
daylight."  etc.  This,  however,  is  not  the  condition  existing 
to-day  :  one  class  of  general  illumination  should  be  used,  and 
we  must  therefore  content  ourselves  with  white  light.     If  you 
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buy  colored  material  under  a  white  light,  you  are  not  liable  to 
be  disappointed  when  you  see  it  under  a  yellow  light,  but  goods 
purchased  under  yellow  light  are  sometimes  very  disappointing 
when  seen  in  a  white  light. 

It  is  not  true  that  we  can  match  goods  under  any  kind  of 
light.  I  should  like  to  point  out  to  you  that  you  can  not 
distinguish  certain  pale  shades  of  yellow  from  each  other,  nor 
can  you  distinguish  a  very  pale  yellow  from  white  under  a 
yellow  light,  such  as  given  by  the  incandescent  or  the  Nernst 
lamps;  nor  is  it  possible  readily  to  distinguish  slight  differences 
in  green  tints  or  a  very  pale  green  from  white  under  a  greenish 
light,  such  as  the  Welsbach.  Very  pale  shades  of  green  are 
capable  of  reflecting  practically  as  much  green  light  as  white 
material.  The  white  and  pale  green  goods  would  therefore 
appear  the  same. 

Furthermore,  as  a  general  thing  various  colors  in  a  piece  of 
material  bear  the  same  relation  to  each  other  for  different 
intensities  of  light  of  the  same  color  composition  through 
certain  limits,  but  the  relations  of  one  color  to  another  undergo 
a  complete  change  when  examined  under  lights  of  different 
composition ;  therefore  a  combination  of  colors  under  the 
Nernst  light  would  not  appear  the  same  in  contrast  as  it  would 
appear  in  daylight  or  under  the  arc  light.  The  full  value  of 
these  points  must  be  realized  before  we  can  expect  to  reach  a 
high  plane  of  illuminating  engineering. 

Professor  D.  C.  Jackson  (Madison,  Wis.):  As  is  well 
known,  it  now  and  then  becomes  convenient,  almost  necessary, 
to  operate  Nernst  lamps  from  low-frequency  alternating  current. 
It  is  almost  impracticable  to  operate  on  low-frequency  currents 
with  arc  lights,  on  account  of  the  character  of  the  lights  and 
with  some  people  an  incandescent  lamp  on  a  circuit  as  low  as  25 
periods  gives  dissatisfaction  on  account  of  the  sensitiveness  of 
their  eyes  to  the  variation.  The  Nernst  lamp,  on  account  of  its 
large  heated  mass,  shows  little  variation  of  the  illumination  on 
a  frequency  as  low  as  25  periods  a  second.  While  our  tests 
have  not  gone  to  the  latter  period,  I  imagine  a  frequency  as  low 
as  17.5  will  show  that  the  Nernst  lamp  has  relatively  little 
variation  ;  this  makes  the  Nernst  lamp  entirely  practicable  for 
use  where  it  becomes  convenient  or  necessary  to  operate  on  low 
frequencies,  such  as  25  periods  per  second,  or  even  17.5  periods, 
which  are  now  becoming  quite  common  in  the  large  cities. 

(The  meeting  adjourned  until  a  quarter  after  two  o'clock.) 


SIXTH  SESSION 

President  Ferguson  called  the  meeting  to  order  at  twenty 
minutes  after  two  o'clock,  and  announced  the  first  order  of 
business  to  be  *'  Relative  Advantages  of  Electrical  and  Mechan- 
ical Methods  of  Speed  Control  for  General  Power  Service,"  by 
Mr.  William  Cooper,  of  Cincinnati,  O. 


Mr.  Cooper  read  the  following  paper : 

RELATIVE  ADVANTAGES  OF  ELECTRICAL 
AND  MECHANICAL  METHODS  OF  VARI- 
ABLE SPEED  CONTROL  FOR  GENERAL 
POWER  SERVICE 


DEFINITIONS 

The  expression,  **  variable  speed  control,"  is  ordi- 
narily understood  to  mean  a  system  whereby  a  machine, 
or  other  piece  of  apparatus,  can  be  operated  at  any 
one  of  a  number  of  predetermined  speeds,  and  when 
set  to  operate  at  any  one  of  those  speeds,  it  will 
continue  to  operate  at  that  speed  regardless  of  any 
change  of  load,  or  other  operating  condition.  This 
definition  is  evidently  too  narrow,  as  there  are 
numerous  methods  of  variable  speed  control  that, 
while  not  absolute,  are  sufficient  for  the  purpose  to 
which  they  are  applied.  It  might  be  said  that  a 
series-wound,  direct-current  motor,  operating  a  hoist, 
as  on  a  crane,  constitutes  a  method  of  variable  speed 
control.  The  operator  has  absolute  control  of  the 
speed  and  can  operate  at  almost  any  speed  within 
certain  limits.  However,  any  one  position  of  the 
controlling  handle  does  not  necessarily  give  any  par- 
ticular speed,  and  any  change  of  load  changes  the 
speed. 

The  expression,  **  variable  speed  control,"  is  capable 
of  three  general  definitions. 

First — Where  the  speed  is  variable  at  the  will  of 
the  operator,  and  remains  constant  when  once  adjusted, 
regardless  of  any  change  of  load  or  other  operating 
conditions. 
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Second — Where  the  speed  is  variable  at  the  will  of 
the  operator,  and  may  or  may  not  remain  constant, 
depending  upon  the  conditions  of  operation. 

Third — Where  the  speed  is  variable  according  to 
some  prearranged  plan,  and  is  controlled  automatically 
by  some  inherent  property  of  the  apparatus  or  of  the 
driving  power. 

It  is  assumed  that  the  prime  moving  force,  or 
power,  is  constant  and  uniform  in  each  and  every  case. 
That  is,  if  a  mechanical  method  of  variable  speed 
control  be  used,  the  shaft  from  which  the  power  is 
taken  rotates  at  a  uniform  velocity.  If  an  electrical 
method  of  variable  speed  control  be  used,  the  energy 
is  supplied  at  a  uniform  pressure  and  frequency.  It  is 
also  assumed  that  the  mechanism  and  apparatus  used 
in  connection  with  any  method  fulfills  its  functions 
properly,  and  does  not,  for  instance,  come  under  the 
second  definition  when  intended  to  fulfill  the  require- 
ments of  the  first.  A  mechanical  method  that  de- 
pended upon  friction  for  its  action  would  do  this  if  it 
should  slip.  A  shunt-wound  direct-current  motor,  with 
abnormal  resistance  in  its  armature  circuit,  would  also 
do  this. 

CLASSIFICATION     OF     APPARATUS 

In  classifying  the  different  kinds  of  apparatus  in 
accordance  with  the  above  definitions,  there  are  found 
to  be  some  methods  that  operate  under  more  than  one 
definition.  For  instance,  in  the  operation  of  direct- 
current,  series-wound  motors,  the  action,  so  far  as  the 
operator  is  concerned,  is  in  accordance  with  the  second 
definition,  while,  from  the  designer's  standpoint,  the 
action  is  in  accordance  with  the  third  definition. 

A  general  classification,  however,  would  be  that 
mechanical  methods  come  within  the  first  and  third 
definitions ;     the     electrical     methods    coming    within 


these  definitions  and  holding  undisputed  possession  of 
the  second. 

In  classifying  the  different  kinds  of  mechanical 
and  electrical  apparatus,  thev  fall  under  the  different 
definitions  about  as  follows: 

First  Definition—^ \itx^  the  speed  is  variable  at 
the  will  of  the  operator  and  remains  constant  when 
once  adjusted,  regardless  of  any  change  of  load. 
This  definition  contemplates  manually-operated  con- 
trolling mechanism.  All  methods  of  mechanical  vari- 
able speed  control,  except  those  used  in  connection 
with  automatic  machinery,  come  within  this  definition. 

The  most  common  method  of  mechanical  variable 
speed  control  is  the  use  of  the  step-cone  pulley. 
Next  in  point  of  common  use  is  the  use  of  change 
gears.  Next,  change  gears  in  connection  with  step- 
cone  pulleys.  These  arrangements  are  not  only  the 
most  common,  but  they  constitute  probably  ninety 
per  cent  of  all  the  speed-changing  apparatus  in  use 
at  the  present  time.  This  fact,  when  considered  in 
the  light  of  their  imperfections,  certainly  calls  for 
some  improvement.  There  are  several  devices  that 
have  been  used  to  some  extent,  which  are  modifica- 
tions of  these  step  cones  and  change  gears.  In  some 
the  cones  are  used,  but  the  steps  have  been  elimi- 
nated, and  two  reversed  truncated  cones  is  the  result. 
These  are  driven  either  by  a  belt  passing  around  the 
two  cones  as  an  ordinary  belt  would  be  used,  or  by 
a  loose  belt  around  one  of  them,  this  belt  being 
pressed  between  the  two  cones  by  suitable  or  unsuit- 
able screws  or  levers.  I  n  either  case  the  belt  is 
moved  lengthwise  of  the  cones  to  vary  the  velocity 
ratio  of  the  two  cones.  These  arrangements  are  the 
natural  outgrowth  of  the  step-cone  method,  and  have 
the  advantage  over    the  step    cone  of    requiring    much 
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less  time  for  adjustment  and  being  able  .to  get  any 
speed  within  the  range.  As  an  outgrowth  of  the 
gear  method,  there  are  numerous  devices  using 
clutches,  and  other  ways  of  getting  them  in  and  out  of 
gear.  Another  method  of  belt  drive  consists  in  using 
a  heavy  belt,  running  in  grooved  pulleys,  the  relative 
diameters  of  which  can  be  changed  at  will  Almost 
every  conceivable  arrangement  of  gears,  belts  and 
friction  wheels  have  been  used  to  accomplish  this  re- 
sult, some  of  which  have  merit  and  utility,  while 
others  are  little   better  than   mechanical  monstrosities. 

The  electrical  methods  that  come  within  this  defi- 
nition  are  not  nearly  as  numerous  as  the  mechanical, 
and  consist  in  the  use  of  the  sum  total  of  one  type 
of  motor  —  the  shunt -wound,  direct-current  motor. 
There  are,  however,  several  systems  of  operating  the 
motor  to  give  the  desjred  result. 

There  are  three  ways  of  changing  the  speed  of  a 
direct-current  motor. 

First — By  changing  the  volts  impressed  upon  its 
armature. 

Second — By  changing  the  amount  of  magnetism  of 
its  field. 

Third — By  changing  the  number  of  conductors  in 
series  from  brush  to  brush  on  its  armature. 

The  impressed  volts  can  be  changed  in  two  ways ; 
by  connecting  the  armature  to  circuits  having  different 
generated  voltages,  or  by  inserting  a  resistance,  which 
may  be  varied,  in  the  armature  circuit. 

The  number  of  conductors  in  series  on  the  arma- 
ture can  be  changed  in  several  ways.  The  simplest, 
and  the  only  one  that  is  used  to  any  extent  in  prac- 
tice, is  to  use  two  commutators  with  two  separate 
windings  on  the  armature.  These  two  windings  can 
be  connected  in  series,  and  if  they  are  identical,  they 
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may  be  also  connected  in  parallel.  The  series  arrange- 
ment gives  practically  one-half  the  speed  of  the  parallel 
arrangement.  The  windings  need  not,  however,  have 
the  same  number  of  turns,  in  which  case  they  may  be 
operated  in  series  for  one  speed  and  separately  for 
two  other  higher  speeds.  If,  for  instance,  the  wind- 
ings have  a  ratio  of  one  to  two,  three  speeds  can  be 
obtained,  which  will  be  to  each  other  as  one,  two  and 
three.  This  arrangement  of  two  conimutators  is  very 
useful  where  only  a  few  motors  are  to  be  installed, 
but  if  the  number  exceeds  five  or  possibly  ten,  there 
are  other  methods  that  are  much  simpler  and  more 
effective. 

The  amount  of  magnetism  can  be  changed  by 
changing  the  excitation,  which  is  done  in  a  shunt- 
wound  motor  by  inserting  resistance  in  the  field  cir- 
cuit. In  a  series-wound  motor  this  result  can  be 
accomplished  by  shunting  or  side-tracking  a  portion  of 
the  current  by  putting  a  resistance  in  parallel  with  the 
field  windings. 

Any  of  these  methods  of  changing  the  speed  of  a 
shnnt-wound,  direct-current  motor  can  be  used,  and 
come  within  the  limits  of  the  first  definition,  except 
that  of  inserting  resistance  in  the  armature  circuit. 
Ft  would  then  come  under  the  second  definition. 

Second  Definilton — Where  the  speed  is  variable  at 
the  will  of  the  operator,  and  may  or  may  not  remain 
constant. 

There  are,  from  the  very  nature  of  the  case,  no 
mechanical  methods  that  come  within  this  definition. 
There  are,  however,  many  electrical  methods  of  great 
importance  that  answer  this  definition. 

The  series-wound,  direct-current  motor,  that  won- 
derful machine  that  holds  the  street-car  and  traction 
field  against  all  comers,  that  does  practically  all  of  the 
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crane  and  hoisting  work,  the  Motor  of  motors  for  harq 
work,  comes  under  this  definition.  The  shunt-wound, 
direct-current  motor,  when  controlled  by  resistance  in 
the  armature  circuit,  also  comes  under  this  definition, 
as  well  as  all  direct-current  motors  that  are  comblnaj^ 
tions  of  series  and  shunt. 

Third  Definition — Where  the  speed  is  variable 
according  to  some  prearranged  plan,  and  is  controlled 
automatically  by  some  inherent  property  of  the  ap- 
paratus, or  of  the  driving  power. 

There  are  many  mechanical  devices  for  producind 
this  result,  mostly  in  connection  with  automati 
machinery  of  various  kinds.  The  mechanical  devid 
may  operate  clutches,  or  friction,  or  may  act  upon  tb 
controller  of  the  driving  motor,  if  the  apparatus  1 
driven  by  an  electric  motor.  These  various  arrangi 
ments  are  all  in  the  nature  of  special  apparatus,  and  d^ 
not  directly  enter  into  this  comparison.  There  is,  how 
ever,  one  electrical  method  that  comes  under  this  deft 
nition  that  is  of  great  value  in  many  kinds  of  work; 
The  series-wound,  direct-current  motor  has  an  inherent 
property  of  varying  its  sj>eed  in  proportion  to 
amojjnt  of  work  it  is  called  upon  to  do.  This  prop' 
erty  is  made  use  of  in  the  design  of  motors  foi 
street-railway  and  traction  purposes,  and  the  motofd 
will  vary  their  speed  in  exact  accordance  with 
prearranged  plan.  This  makes  it  possible  to 
motors  successfully  on  a  road  having  a  given  profile" 
that  would  not  do  the  work  at  all  if  it  were  not  for 
this  inherent  regulation.  For  instance,  sLi|)i)ose  that  it- 
requires  50  horse-power  to  propel  a  given  car 
30  miles  per  hour  on  a  level  track.  Assume  thtf 
the  tractive  effort  required,  under  these  conditiotis, 
10  pounds  per  ton,  the  car  would  weigh,  approxU 
mately,  sixty-three    tons.       If   this    car  be    required 
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mount  ii  lo-per-cent  grade,  the  tractive  effort  required 
will  be  210  pounds  per  ton;  zoo  pounds  for  the 
grade  and  10  pounds  for  friction,  etc  Now,  if  a 
motor  that  fulfilled  the  first  definition  be  used,  it  will 
be  required  to  develop  1,050  horse-power  to  drive  the 
car  up  the  io-[>er-cent  grade.  Assume  that,  due  to  the 
inherent  regulation  of  the  motor,  the  speed  falls  to  10 
■  miles  per  hour,  then  the  motor  will  only  be  required 
to  develop  approximately  one-third  the  horse-power,  or 
350  horse-power.  In  practice  this  condition  would  not 
require  a  motor  of  350  horse-power,  normal  rating 
neither  could  one  as  small  as  50  horse-power  be  used, 
but  a  mean  somewhere  between  the  two,  depending 
upon  what  part  of  the  total  time  the  car  would  be 
mounting  10-per-cent  grades.  It  is  obvious,  how- 
ever, that  there  would  be  an  enormous  difference  in 
size  between  the  two  motors. 


APPLICATION 

Each  case  where  variable  speeds  are  desirable  must 
necessarily  be  considered  by  itself,  as  to  whether  the 
method  to  be  adopted  will  come  under  the  first, 
second  or  third  definition. 

The  first  definition  covers  the  most  general  appli- 
cation, although  there  are  many  cases  where  absolute 
limitations  of  unvarying  speed  are  not  necessary,  or 
where  changing  load  or  operating  conditions  can  be 
met  by  manipulation  of  the  controlling  device.  It  is, 
however,  necessary  to  use  a  method  that  will  produce 
the  result  set  forth  in  the  first  definition  where  constant 
speed  is  desired,  and  the  torque,  or  turning  moment 
required,  changes  to  any  considerable  amount.  Included 
in  this  class  are  practically  all  the  so-called  machine 
tools :  such  as  engine  lathes,  drill  presses,  slotters, 
shapers.  planers,  boring  mills,  and  all  machines  where 
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the  work  is  intermittent,  or  where  the  operation  is 
started  with  the  machine  in  motion.  All  wood-working 
machinery  also  comes  within  this  class.  Blowers  and 
pumps,  when  operating  with  a  constant  discharge  per 
revolution,  and  the  discharge  per  unit  of  time  is  to  be 
regulated  by  varying  the  speed,  do  not  necessarily 
come  in  this  class,  and  can  be  operated  by  any  system, 
as  the  torque  remains  constant.  Printing  presses  con- 
stitute another  large  class  of  machinery  in  which  vari- 
able speeds  are  required^  but  in  most  cases,  except, in 
the  larger  sizes,  the  conditions  are  not  very  exacting, 
and  can  usually  be  met  by  methods  as  defined  in  the 
second  definition. 

COMPARISON     OF     ADVANTAGES    AND     DISADVANTAGES 

It  is  not  possible  to  compare  two  systems  or 
methods  unless  both  produce  the  identical  result.  If 
they  do  not  produce  the  identical  result  they  must  be 
brought  as  near  together  as  possible,  and  the  value 
of  the  result  taken  into  consideration  as  an  advan- 
tage, or  disadvantage,  as  the  case  may  be. 

Aside  from,  and  not  a  direct  function  of  the 
variable  speed  parts  of  the  proposition,  might  be 
mentioned  some  of  the  advantages  and  disadvantages 
of  electrical  and  mechanical  drive  in  general.  A 
mechanical  drive,  be  it  variable  or  not,  in  general 
means  belts ;  belts  mean  dust  and  dirt  deposited  on 
walls  and  ceiling ;  dust  and  dirt  on  walls  and  ceiling 
mean  a  dark  room.  A  man  with  the  best  of  sight 
can  see  nothing  in  absolute  darkness.  The  darker  it 
is  the  less  well  he  can  see.  The  less  well  he  can  see 
the  less  work  he  can  do.  An  electrically-driven  ma- 
chine causes  none  of  this  trouble.  In  the  selection 
of  the  method  of  drive,  too  little  attention  is  given 
to  this  point. 
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These  are  not  the  only  advantages  of  independent 
electric  drive.  Some  of  the  other  advantages,  outside 
of  variable  speed  control,  that  are  of  great  import- 
ance, are :  no  power  being  used  when  the  machine  is 
idle ;  ability  to  operate  any  machine  in  the  establish- 
ment without  operating  any  other,  or  any  accessories 
of  any  kind  except  the  generator ;  the  small  liability 
of  a  general  shut-down  due  to  the  breaking  of  a  belt 
or  some  trivial  thing  connected  with  the  line  shaft- 
ing; the  small  liability  of  accidents  to  employees,  as 
the  greater  portion  of  accidents  in  factories  is  caused 
from  belts  and  shafting.  However,  all  this  is  apart 
from  the  subject  of  variable  speed  control. 

In  comparing  the  electrical  and  mechanical  methods 
strictly  on  a  basis  of  speed  variation,  the  comparison 
might  be  divided  about  as  follows : 

First — Total  number  of  speeds  within  the  range 

Second — Ease  of  manipulation 

Third — Cost  of  maintenance 

Fourth — Total  range  of  variation  obtainable 

Fifth — Time  required  to  cover  entire  range 

Sixth — Portability  of  machine 

Seventh — Space  occupied 

Eighth — Cost  of  equipment 

Ninth — Constancy  of  speed  at  any  position  of  con- 
trolling mechanism 

Tenth — Efficiency 

In  explanation  of  this  classification,  it  might  be 
said  that  the  points  are  drawn  out  in  what  might 
seem  to  be  useless  detail,  because  they  are  all  import- 
ant, and  must  each  be  given  due  consideration.  It 
will  be  noted  that  the  point  of  efficiency  is  placed 
last,  also  that  the  cost  of  equipment  is  well  toward 
the  last.  The  number  of  speeds  within  the  range  of 
variation,  or  the  amount  of   the    change    between  two 
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Steps,  has  been  placed  first  in  the  list  as  being  of 
greatest  importance.  This  means  the  abihty  to  get 
an  exact  speed  that  is  best  fitted  for  the  work  to  be 
performed.  If  it  is  desirable  to  have  any  system  of 
variable  speed  control,  it  is  evident  that  it  is  for  the 
purpose  of  getting  different  speeds.  And  if  different 
speeds  are  required,  they  should  be  obtained  with 
great  exactness. 

TOTAL    NUMBER    OF    SPEEDS    WITHIN    THE    RANGE 

In  comparing  the  different  mechanical  and  elec- 
trical methods,  it  is  found  that  there  are  two  distinct 
classes  of  mechanical  devices.  One  class  is  cornposed 
of  those  methods  where  a  change  from  maximum  to 
minimum  is  made  gradually  and  gives  an  infinite 
number  of  speeds  between  the  two  extremes.  Another 
class  is  where  the  changes  are  made  in  steps,  as  in 
the  use  of  step-cone  pulleys  and  change  gears.  The 
first  class  stands  alone,  as  the  perfect  speed-changing 
device.  Even  an  electric  motor  can  not  be  made  to 
give  the  same  great  number  of  different  speeds,  for 
the  reason  that  a  motor  must  be  regulated  by  steps, 
although  it  is  a  very  simple  matter  to  make  this 
number  quite  large  and  sufficient  to  meet  the  most 
exacting  conditions.  The  step-cone  pulleys,  and 
change-gear  arrangements,  when  carried  to  the  point 
of  yielding  the  same  number  of  different  speeds, 
become  very  complicated.  While  it  is  entirely  possible 
to  get  a  change  in  this  manner  of  lo  per  cent  per 
step,  the  complications  resulting  from  the  mass  of 
gears,  and  multiplication  of  steps  on  the  cone  pulley, 
would  not  be  permissible,  to  say  nothing  of  the  time 
lost  in  making  the  changes.  As  a  result  of  years  of 
practice,  this  system  has  developed  into  an  arrange- 
ment   where    the    changes   are    approximately    50    per 
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cent  per  step ;  that  is  to  say,  each  increment  of 
increase  is  50  per  cent;  often  as  much  as  100  per 
cent  It  is  obvious  that  such  an  arrangement  must 
be  very  wasteful  of  time,  as  it  will  often  occur  that 
the  work  in  hand  will  not  quite  permit  of  a  certain 
combination,  and  must  necessarily  be  run  at  the  next 
lower  speed,  consuming  consequently  50  per  cent  to 
100  per  cent  more  time  for  a  given  operation,  than 
would  otherwise  be  required. 

There  is  also  another  fact  that  should  not  be  lost 
sight  of  in  this  connection.  The  range  of  speeds  given 
by  the  step  cones  on  a  great  many  machines  is  not 
consistent  with  the  ratio  of  the  back  gearing  used. 
That  is  to  say,  it  is  frequently  found  that  the  differ- 
ence between  the  lowest  speed  with  the  back  gears 
out  and  the  highest  speed  with  the  back  gears  in,  is 
very  much  greater  than  the  difference  between  two 
cone  speeds.  Some  machines  have  as  much  as  three- 
to-one  variation  in  speed  between  these  two  condi- 
tions. As  a  case  in  hand,  might  be  mentioned  a  com- 
paratively small-sized  boring  mill,  made  by  a  prominent 
manufacturer,  in  which  the  back-gear  ratio  was  twelve 
and  one-half  to  one.  Assuming  that  the  cone  speeds 
were  consistent  with  this  back-gear  ratio,  the  average 
difference  in  speeds  throughout  the  entire  range  would 
be  about  one  and  nine-tenths  to  one,  the  machine 
being  equipped  with  a  four-step  cone.  This  is  certainly 
a  very  crude  solution  of  the  problem  of  variable  speed 
control,  and  yet  there  are  thousands  of  machines  no 
better  than  this  in  everyday  operation  in  manufac- 
turing establishments,  where  they  are  supposed  to  be 
running  things  to  the  limit,  and  on  the  most  econom- 
ical basis.  The  crudest  kind  of  an  apparatus  that 
would  sub-divide  the  speeds  of  such  a  machine  would 

certainly  produce  superior  results. 
33 
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Steps,  has  been  placed  first  in  the  list  as  being  of 
greatest  importance.  This  means  the  abihty  to  get 
an  exact  speed  that  is  best  fitted  for  the  work  to  be 
performed.  If  it  is  desirable  to  have  any  system  of 
variable  speed  control,  it  is  evident  that  it  is  for  the 
purpose  of  getting  different  speeds.  And  if  different 
speeds  are  required,  they  should  be  obtained  with 
great  exactness. 

TOTAL    NUMBER    OF    SPEEDS    WITHIN    THE    RANGE 

In  comparing  the  different  mechanical  and  elec- 
trical methods,  it  is  found  that  there  are  two  distinct 
classes  of  mechanical  devices.  One  class  is  composed 
of  those  methods  where  a  change  from  maximum  to 
minimum  is  made  gradually  and  gives  an  infinite 
number  of  speeds  between  the  two  extremes.  Another 
class  is  where  the  changes  are  made  in  steps,  as  in 
the  use  of  step-cone  pulleys  and  change  gears.  The 
first  class  stands  alone,  as  the  perfect  speed-changing 
device.  Even  an  electric  motor  can  not  be  made  to 
give  the  same  great  number  of  different  speeds,  for 
the  reason  that  a  motor  must  be  regulated  by  steJ3S, 
although  it  is  a  very  simple  matter  to  make  this 
number  quite  large  and  sufficient  to  meet  the  most 
exacting  conditions.  The  step-cone  pulleys,  and 
change-gear  arrangements,  when  carried  to  the  point 
of  yielding  the  same  number  of  different  speeds, 
become  very  complicated.  While  it  is  entirely  possible 
to  get  a  change  in  this  manner  of  lo  per  cent  per 
step,  the  complications  resulting  from  the  mass  of 
gears,  and  multiplication  of  steps  on  the  cone  pulley, 
would  not  be  permissible,  to  say  nothing  of  the  time 
lost  in  making  the  changes.  As  a  result  of  years  of 
practice,  this  system  has  developed  into  an  arrange- 
ment   where    the    changes    are    approximately    50    per 
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cent  •  per  step ;  that  is  to  say,  each  increment  of 
increase  is  50  per  cent;  often  as  much  as  icx>  per 
cent.  It  is  obvious  that  such  an  arrangement  must 
be  very  wasteful  of  time,  as  it  will  often  occur  that 
the  work  in  hand  will  not  quite  permit  of  a  certain 
combination,  and  must  necessarily  be  run  at  the  next 
lower  speed,  consuming  consequently  50  per  cent  to 
100  per  cent  more  time  for  a  given  operation,  than 
would  otherwise  be  required. 

There  is  also  another  fact  that  should  not  be  lost 
sight  of  in  this  connection.  The  range  of  speeds  given 
by  the  step  cones  on  a  great  maily  machines  is  not 
consistent  with  the  ratio  of  the  back  gearing  used. 
That  is  to  say,  it  is  frequently  found  that  the  differ- 
ence between  the  lowest  speed  with  the  back  gears 
out  and  the  highest  speed  with  the  back  gears  in,  is 
very  much  greater  than  the  difference  between  two 
cone  speeds.  Some  machines  have  as  much  as  three- 
to-ohe  variation  in  speed  between  these  two  condi- 
tions. As  a  case  in  hand,  might  be  mentioned  a  com- 
paratively small-sized  boring  mill,  made  by  a  prominent 
manufacturer,  in  which  the  back-gear  ratio  was  twelve 
and  one-half  to  one.  Assuming  that  the  cone  speeds 
were  consistent  with  this  back-gear  ratio,  the  average 
difference  in  speeds  throughout  the  entire  range  would 
be  about  one  and  nine-tenths  to  one,  the  machine 
being  equipped  with  a  four-step  cone.  This  is  certainly 
a  very  crude  solution  of  the  problem  of  variable  speed 
control,  and  yet  there  are  thousands  of  machines  no 
better  than  this  in  everyday  operation  in  manufac- 
turing establishments,  where  they  are  supposed  to  be 
running  things  to  the  limit,  and  on  the  most  econom- 
ical basis.  The  crudest  kind  of  an  apparatus  that 
would  sub-divide  the  speeds  of  such  a  machine  would 

certainly  produce  superior  results. 
3^ 


steps,  has  been  placed  first  in  the  list  as  being  of 
greatest  importance.  This  means  the  ability  to  get 
an  exact  speed  that  is  best  fitted  for  the  work  to  be 
performed.  If  it  is  desirable  to  have  any  system  of 
variable  speed  control,  it  is  evident  that  it  is  for  the 
purpose  of  getting  different  speeds.  And  if  different 
speeds  are  required,  they  should  be  obtained  with 
great  exactness. 

TOTAL    NUMBER    OF    SPEEDS    WITHIN    THE    RANGE 

In  comparing  the  different  mechanical  and  elec- 
trical methods,  it  is  found  that  there  are  two  distinct 
classes  of  mechanical  devices.  One  class  is  composed 
of  those  methods  where  a  change  from  maximum  to 
minimum  is  made  gradually  and  gives  an  intinite 
number  of  speeds  between  the  two  extremes.  Another 
class  is  where  the  changes  are  made  in  steps,  as  in 
the  use  of  step-cone  pulleys  and  change  gears.  The 
first  class  stands  alone,  as  the  perfect  speed-changing 
device.  Even  an  electric  motor  can  not  be  made  to 
give  the  same  great  number  of  different  speeds,  for 
the  reason  that  a  motor  must  be  regulated  by  steps, 
although  it  is  a  very  simple  matter  to  make  this 
number  quite  large  and  sufficient  to  meet  the  most 
exacting  conditions.  The  step-cone  pulleys,  and 
change-gear  arrangements,  when  carried  to  the  point 
of  yielding  the  same  number  of  different  speeds, 
become  very  complicated.  While  it  is  entirely  possible 
to  get  a  change  in  this  manner  of  lo  per  cent  per 
step,  the  complications  resulting  from  the  mass  of 
gears,  and  multiplication  of  steps  on  the  cone  pulley, 
would  not  be  permissible,  to  say  nothing  of  the  time 
lost  in  making  the  changes.  As  a  result  of  years  of 
practice,  this  system  has  developed  into  an  arrange- 
ment   where    the    changes    are    approximately    50    per 


cent  per  step ;  that  is  to  say,  each  increment  of 
increase  is  50  per  cent:  often  as  much  as  100  per 
cent.  It  is  obvious  that  such  an  arrangement  must 
i)e  very  wasteful  of  time,  as  it  will  often  occur  tliat 
the  work  in  hand  will  not  quite  permit  of  a  certain 
combination,  and  must  necessarily  be  run  at  the  next 
lower  speed,  consuming  consequently  50  per  cent  to 
100  per  cent  more  time  for  a  given  operation,  than 
would  otherwise  be  required. 

There  is  also  another  fact  that  should  not  be  lost 
sight  of  in  this  connection.  The  range  of  speeds  given 
by  the  step  cones  on  a  great  maily  machines  is  not 
consistent  with  the  ratio  of  the  back  gearing  used. 
That  is  to  say,  it  is  frequently  found  that  the  differ- 
ence between  the  lowest  speed  with  the  back  gears 
out  and  the  highest  speed  with  the  back  gears  in,  is 
very  much  greater  than  the  difiference  between  two 
cone  speeds.  Some  machines  have  as  much  as  three- 
to-one  variation  in  speed  between  these  two  condi- 
tions. As  a  case  in  hand,  might  he  mentioned  a  com- 
paratively small-sized  boring  mill,  made  by  a  prominent 
manufacturer,  in  which  the  back-gear  ratio  was  twelve 
and  one-half  to  one.  Assuming  that  the  cone  speeds 
were  consistent  with  this  back-gear  ratio,  the  average 
difference  in  speeds  throughout  the  entire  range  would 
be  about  one  and  nine-tenths  to  one.  the  machine 
being  equipped  with  a  four-step  cone.  This  is  certainly 
a  very  crude  solution  of  the  problem  of  variable  speed 
control,  and  yet  there  are  thousands  of  machines  no 
better  than  this  in  everyday  operation  in  manufac- 
turing establishments,  where  they  are  supposed  to  be 
running  things  to  the  limit,  and  on  the  most  econom- 
ical basis.  The  crudest  kind  of  an  apparatus  that 
would  sub-divide  the  speeds  of  such  a  machine  would 
certainly  produce  superior   results. 
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Any  system  of  variable  speeds  to  be  applicable, 
and  to  cover  the  ordinary  working  conditions,  must 
be  able  to  cover  all  possible  speeds  within  the  range 
of  the  machine  lo  within  a  very  few  per  cent. 

KASK     Ol-     MANIPULATION 

This  feature  of  the  apparatus  used  should  be  well 
considered.  If  the  device  requires  some  considerable 
manual  effort  on  the  part  of  the  operator  to  effect 
the  changes,  there  is  just  that  much  less  liability 
of  a  change  being  made  when  the  nature  of  the 
work  really  demartds  it.  A  great  deal  can  be  sac- 
rificed in  other  directions  to  relieve  the  operator  of 
all  possible  manual  effort,  not  alone  because  of 
the  natural  incliaation  of  a  man  to  do  as  little  man- 
ual work  as  possible,  for,  as  Emerson  said,  "  Man- 
kind is  as  lazy  as  he  dare  to  be."  but  because 
in  most  cases  where  a  device  of  this  nature  is  used, 
the  operator  Is  paid  for  his  skill  and  the  use  of 
his  brains  and  not  for  his  manual  effort  A  great 
many  mechanical  devices  are  objectionable  on  this 
account.  It  also,  as  a  rule,  follows  that  a  device 
that  requires  any  considerable  amount  of  effort  to 
operate  will  also  consume  considerable  time.  All  of 
that  class  of  devices  that  use  change -gears  and  step- 
cone  pulleys  require  more  or  less  manual  effort,  es- 
pecially where  friction  clutches  are  used  to  throw 
th'-.Ti  in  and  out  of  gear.  .  The  electrical  method 
probably  offers  the  easiest  operation,  as  a  simple 
movement  of  the  controller  handle  not  only  gives  the 
different  speeds,  but  also  stops,  starts  and  reverses 
the  motion  of  the  machine. 

I.OST     OK     MAINTENANCE 

This  is  a  point  that  should  also  be  given  due  con- 
sideration.    Generally    speaking,    the    piece    of    appa- 
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ratus  tbat  has  the  smallest  number  of  moving  parts 
will  be  the  most  durable,  and  an  effort  should  be 
made  to  eliminate  all  pans  possible.  Most  mechani- 
cal speed-changing  devices  tbat  fulfill  the  requirements 
and  are  worthy  of  the  name  of  speed-changing  devices 
are  quite  complicated,  and  embody  in  their  structure 
a  great  many  parts  that  are  subject  to  a  great  deal  of 
wear.  The  modern  electric  motor,  without  doubt, 
requires  less  attention  for  repairs  than  any  other 
piece  of  apparatus  that  would  fulfill  the  same  func- 
tions. There  are  many  mechanical  devices  designed 
to  be  used  as  variable  speed  changers  that  certainly 
carry  the  stamp  of  trouble  on  their  faces.  The  use 
of  such  devices  should  be  avoided.  However,  in 
justice  to  the  mechanical  devices  used  for  this  pur- 
pose, it  is  but  fair  to  state  that  many  electrical  sys- 
tems are  no  belter.  The  prime  object  to  be  kept  in 
view,  when  considered  from  the  standpoint  of  dura- 
bility and  permanence,  must  be  simplicity. 

TOTAL    RANGE    OK    VARIATION'    OBTAINABLE 

In  considering  the  installation  of  a  method  of 
variable  speed  control,  this  is  one  of  the  first  problems 
to  be  solved.  The  machine  to  which  the  device  is  to 
be  applied  calls  for  certain  maximum  and  minimum 
speeds,  these  maximum  and  minimum  speeds,  of  course, 
being  determined  by  the  work  that  the  machine  is 
intended  to  perform.  There  are  many  machines  where 
a  system  of  variable  speeds  could  be  applied  to  great 
advantage  that  are  now  being  operated  at  a  constant 
and  uniform  speed.  With  the  exception  of  such 
machines  as  are  operated  day  in  and  day  out  on  one 
particular  and  specific  operation,  almost  any  machine 
used  in  manufacturing,  or  in  an  industry  of  any  kind, 
could    be    worked    to    advantage    at     different    speeds. 


For  instance,  the  simple  operation  of  calendering  paper 
can  be  done  to  much  greater  advantage  if  the  speed 
can  be  adjusted  to  the  quality  of  the  paper  being 
handled.  In  this  case  a  comparatively  narrow  range 
of  speed  would  be  required.  In  the  operation  of 
printing  presses  this  condition  exists.  In  a  great 
many  machines  used  in  the  manufacture  of  boots  and 
shoes  the  same  condition  exists.  In  fact,  there  are 
thousands  of  cases  where  a  method  of  variable  speed 
control  could  be  used  at  a  profit,  that  are  now  con- 
sidered good  enough  when  operated  at  uniform  speed. 
The  class  of  machinery  that  probably  requires  the 
widest  range  of  variable  speed,  comprises  the  so-called 
machine  tools;  especially  is  this  true  of  that  class  of 
machine  tools  that  operate  upon  cylindrical  work.  In 
this  class  of  work,  the  piece  being  operated  upon  is 
usually  rotated,  and  as  a  very  small  proportion  of 
this  work  has  but  one  diameter  on  each  piece,  there 
must  of  necessity  be  provided  some  way  of  changing 
the  speed  of  rotation  in  order  to  maintain  a  constant 
maximum  cutting  speed.  This  condition  is  arrived  at 
in  ordinary  machine-shop  practice  on  this  class  of 
work  by  using  certain  arrangements  of  change  gears 
and  step-cone  pulleys.  It  is  obvious  that  a  combina- 
tion of  gearing  and  step-cone  pulleys  is  used  to  keep 
the  speed  of  the  driving  belt  within  certain  limits. 
For  instance,  if  a  given  machine  has  a  four-step  cone 
and  one  set  of  back  gears,  the  same  result  could  be 
accomplished  by  an  eight-step  cone,  but  the  driving- 
belt  would  have  a  maximum  and  a  minimum  speed. 
either  one  or  the  other  of  which  might  be  prohibitive. 
In  all  the  different  methods  of  variable  speed  control, 
when  applied  to  machine  tools,  recourse  is  generally 
had  to  some  arrangement  of  gearing.  An  electric 
motor  would  be  out  of  all  proportion  if   designed    to 


cover  the  wide  range  of    speed  variation  called  /or  in 
an  ordinary  engine  lathe. 

The    same    is    true    of  mechanical    methods,  other 

t  than    those    using    different    trains   of    gearing.      The 

I  total  speed  range  of    that  class  of    machine  tools  that. 

J  operate    on    cylindrical  work  should    not    be  less  than 

I  sixty  to  one,  although    in    some    special    cases  a  verv 

Tmuch  narrower  range  than  this  will  suffice.      In  equip- 

f  ping    such    a    machine    with    an    electrical    method    of 

Variable  speed  control,  if  an  attempt  is  made  to  cover 

I  this    entire     range    inherently    within    the    motor,    the 

['motor    would    be    abnormally    large     and    expensive. 

Hlowever,  it  is  possible  to  do  this.     The  use,  however, 

bf  one  set    of    gears    in    connection  with  the  machine 

hat  requires  a  total   range  of   sixty  to  one,  simplifies 

t'tlie  proposition  very  materially. 

In  the  class  of  machine-shop  tools  in  which  the 
work  has  a  constant  relative  motion  to  the  cutting 
tool — as  in  planers,  slotters  and  this  class  of  machines 
— and  speed  variation  is  only  required  for  the  different 
kinds  of  material,  the  total  range  can  be  easily  covered 
by  the  mechanical  devices  in  use.  or  by  the  inherent 
speed  regulation  of  an  electric  motor. 

If  the  range  of  variation  of  the  method  employed 
necessitates  the  use  of  one  set  of  back  gears  in  order 
to  make  the  method  practically  operative,  the  question 
will  naturally  arise,  why  not  use  two  or  more  sets  and 
still  further  simplify  the  speed-changing  device,  or  re- 
duce the  size  of  the  variable-speed  motor.  Duplicating 
the  gearing  indefinitely  until  variations  in  speed  arc 
entirely  taken  care  of  in  the  gearing,  brings  us  to  a 
mechanical  speed-changing  device  pure  and  simple,  in 
which  the  changes  are  all  brought  about  by  different 
combinations  of  gearing.  The  use  of  one  pair  of  gears 
■s  objectionable  from    the   point  of  time  consumed    in 
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the  manipulation,  and  also  from  the  wear  and  te 
Consequently,  a  multiplication  of  gearing  only  male 
these  objections  more  pronounced, 

TIME    REQUIRED    TO    COVER    THE    ENTIRE    RANGE 

This   characteristic    is    very  closely  connected   wiq 
the  subject,  "  E^se  of   Manipulation."     Some  devices, 
however,  are    handled    very  easily,  but    require   a    con- 
siderable amount  of  time  to  make  the  changes.    Most, 
notable  of  these  are  the  arrangements  of  gears  when 
a  clutch  is  opened  and  closed  each   time   a  change  : 
made   from   one   speed    to    another    higher   or    lower,* 
and    this    operation    has    to    be    performed    as    many 
times   as   there   are   changes  in   the  total  range.     The 
point    of    time   required    in   the    manipulation   of   the 
speed-changing    device  is    worthy  of    serious   consider- 
ation.    As  pointed    out    under   the    heading  of  "  Ease 
of     Manipulation,"    the    electrical    system    of    control 
can    be   operated    very  much    more    quickly    than    any 
of  the  mechanical  systems. 


fORTAIULlTV    OF    MACHINE 

This  heading  is  a  little  misleading,  as  it  is  na 
only  intended  to  cover  machines  that  are  portable  i 
movable,  but  to  include  the  general  characteristic  < 
being,  as  it  were,  disconnected  from  all  othfll 
machinery.  Considered  from  this  standpoint,  there  is" 
no  comparison  between  the  electrically-driven  machine 
and  the  mechanically-driven  one.  The  advantages  are 
all  with  the  electrically-driven  machine. 

The    advantage    of    portability,    of    course,    can 
obtained    and    not    use    the    electric    motor    for    I 
variable  speed  control ;  that  is,  a  constant-speed  motor 
may  be    used  and    the    changes    in    speed   of    the    ma- 


chine  obtained  by  mechanical  means,  either  gearing 
or  other  arrangements.  However,  it  does  not  seem 
that  such  an  arrangement  is  worthy  of  consideration. 
If  an  electric  motor  is  used  to  drive  any  given  ma- 
chine, the  cost  of  a  motor  that  will  have  inherent  in 
it  the  ability  to  produce  the  variable  speeds  required, 
is  so  little  in  addition  to  the  cost  ofa  con  slant- speed 
motor,  that  the  installation  of  a  mechanical  variable- 
speed  apparatus  in  addition  to  the  constant-speed 
motor  need  not  be  considered.  Of  course,  as  already 
pointed  out,  it  is  impracticable,  and  well-nigh  impos- 
sible, to  get  the  entire  speed  range  from  the  motor 
itself,  but  if  a  motor  is  used  it  should  be  made  to 
give  the  fine  gradations  necessary,  and  through  a 
considerable  range. 

The  advantages  of  having  any  machine  entirely 
independent,  as  it  were,  of  its  driving  power,  are  too 
well  known  to  need  further  illustration.  It  enables 
one  to  locate  the  machines  in  the  best  possible  posi- 
tion for  the  facility  of  handling  material,  and  if  at 
any  time  the  process  is  changed,  the  machinery  can 
be  readily  changed  to  suit.  The  machines  can  he  placed 
under  traveling  cranes  in  such  a  position  that  they 
can  be  served  to  the  best  possible  advantage.  It 
often  occurs  that  some  simple  operation  is  required 
on  a  large  amount  of  material,  in  which  case  the 
machines  can  be  taken  bodily  to  the  work  at  a  very 
much  less  expenditure  of  time  and  labor  than  would 
be  required  to  bring  the  material  to  the  machine. 

The  advantages  gained  by  the  portability  of 
machines  makes  a  direct  comparison  with  any 
mechanical  system  of  drive  very  difficult,  as  the 
mechanical  system  can  not  be  said  to  embody  this 
feature  in  the  slightest  degree. 
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Sl'ACE  UCCUPIED 

The  space  occupied  i)y  electrically-driven  machinery" 
is  always  very  much  less  than  that  occupied  bv 
mechanicallyndriven  machinery.  The  motor  can  usually 
he  mounted  in  such  a  position  that  practically  no 
available  operating  space  is  used,  while  in  almost  everv 
instance  where  mechanical  drive  is  employed,  the  line 
shafting,  countershafting  and  variable-speed-controlling 
mechanism  occupy  space  that  can  be  used  to  great 
advantage  in  handling  material.  That  is,  the  space 
overhead  is  nearly  as  valuable  as  the  space  on  the 
floor,  for  in  the  modern  method  of  handling  material 
the  overhead  traveling  crane  must  occupy  this  space. 
This  is  a  feature  of  ,  individual  electrically-driven 
machinery  that  enhances  the  value  of_  the  machine  as 
a  producer,  probably  as  much  as  any  other  one  feature. 

COST    OF    EQUIPMENT 

Although  this  point  is  placed  well  toward  the  last 
of  the  list  of  points  to  be  considered  in  the  compari- 
son of  mechanical  and  electrical  methods  of  variable 
speed  control,  it  is  not  by  any  means  the  last  thing 
that  the  purchaser  considers.  In  equipping  a  new 
plant  or  factory  of  any  kind,  a  careful  summation  of 
all  the  costs  in  connection  with  the  different  systems 
employed  will  show  that  there  is  but  little  actual  dif- 
ference in  the  total  first  cost.  In  the  individual 
application  of  motors  to  machinery,  the  cost  of  the 
motor  and  its  accessories  increases  the  cost  of  the 
individual  machine  very  materially,  but  when  tht; 
decreased  cost  of  the  building,  owing  to  the  absence 
of  heavy  lines  of  shafting,  is  taken  into  consideration, 
a  very  material  offset  is  found.  When  compared  with 
the  actual  cost  of  the  installations  of  the  mechanical 
speed-controlling  mechanism,  a  still  further  offset  in 
the  cost  is  found. 
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III  equipping  old  machinery  wiih  variable-speed- 
controlling  devices,  the  proposition  is  somewhat  differ- 
ent. The  investment  for  transmitting  power  to  thc 
machinery  has  been  made,  the  building  has  been  con- 
structed with  a  view  to  carrying  the  necessary  line 
shafting,  countershafting,  etc.,  and  this  has  all  been 
installed.  The  proposition  of  a  very  much  increased 
•  investment  at  once  confronts  the  would-be  purchaser, 
if  he  considers  the  installation  of  individual  electric 
drive.  He  naturally  turns  his  attention  to  the  mechan- 
ical methods  of  variable  speed  control,  and  finds  that 
he  can  install  some  of  these  systems  at  a  very  much 
less  cost.  In  justice  to  the  mechanical  systems  of 
variable  speed  control  that  ftdfill  the  requirements,  it 
must  be  said  that  under  these  conditions  they  certainly 
accomplish  the  results  sought.  .However,  considerable 
expense  is  involved  in  the  installation  of  such  a  device, 
and  usually  an  increased  cost  of  operation.  These 
points  should  be  given  due  consideration  in  comparison 
with  the  radical  changes  to  individual  electrical  drive. 
The  electric  motor  is  to  most  people  operating  manu- 
facturing plants  and  establishments  of  different  kinds, 
a  rather  mysterious  thing.  This,  coupled  with  the 
poor  behavior  of  some  motors  that  they  may  have 
come  in  contact  with,  has  caused  them  no  little  appre- 
hension and  doubt  as  to  the  capabilities  and  durability 
t)f  the  modern  electric  motor.  This  condition  of 
affairs  has  made  it  a  good  deal  in  the  nature  of 
"  buying  a  pig  in  a  bag,"  to  the  average  purchaser, 
and  it  must  be  admitted  that  in  a  good  many  cases 
this  was  actually  the  fact.  The  modern  electric  motor. 
however,  is  not  a  toy.  but  has  developed  into  an  actual 
machine,  and  from  a  comparatively  weak  infant  is  now 
a  sturdy  man,  to  be  depended  upon  for  hard  work 
and  faithful  service;  and  although  the  cost  may  seem 
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considerable  when  compared  with  some  other  systemsj 
of    of>eration,  when    all    the    facts  are  taken   into  con 
sideration.  the    first    cost    of    a  new  installation  is  i 
materially  different. 

CONSTANCY  OK    SPKEIi    AT    ANY   I'OSITIO.N    OF    CONTROLLIN 
MECHANISM 

It  is  assumed  that  any  device  used  as  a  method 
of  variable  speed  control  shall  fulfill  its  functions 
properly. 

The    only    mechanical    methods    of    variable    speed 
control    that    are    really    worthy    of    consideration    are 
those    in    which    any    number  of    different  speeds  may 
be    obtained,  and,    from  the  very   nature    of    the    case, 
some  form  of  friction  drive  must  be  used.     This  may 
be  either  in  the  form  of  a    belt  drive,  or  of  the  many 
kinds  of   friction-wheel    arrangements.     These  friction 
arrangements  are  at    best    not   thoroughly  reliable  and 
consume    considerable    power  in    their  operation.     On 
the    other    hand,  an    electric    motor,  when    used    as   a 
variable-speed    device,    has    one    drawback  ;    the  speed 
is  not  absolutely  constant,  due  to  the  lost  volts  in  the 
armature,    by    virtue    of    the    ohmic    resistance.     This  j 
characteristic,  when    the    motor    is    used    on    very  low  U 
voltages,    makes  the  inherent  regulation  from  no   load  ] 
to    full    load    of    the    motor  in  some    cases  very  poor. 
Tiiis    point    should    be    well    guarded    against    in  thtf'l 
design  of  motors  for    this    service.     A   motor  used  to  i 
operate  an  engine  lathe,  for  instance,  whose  speed  will  i 
drop    twenty-five    or    fifty    per  cent    when  the    tool   is 
applied  to  the  work,  will  not  give  satisfactory  results. 
Neither  will  a  mechanical  device  that  has  a  propensity 
for  slipping,  whenever  called    upon   to  do    hard  work, 
give    satisfactory    results.      Any    device    used    for    the 
purpose  of    variable    speed    control    should    be  able  to 


drive  the  machine  to  which  it  is  applied  under  any 
and  all  conditions,  from  the  very  slightest,  to  the  very 
heaviest  work  that  it  may  be  called  upon  to  do,  with- 
out showing  a  variation  in  speed  of  more  than  a  few 
per  cent.  A  great  many  arrangements  for  variable 
speed  control  have  proven  entirely  unsatisfactory  for 
this  reason.  Many  attempts  have  been  made  to 
operate  machine  tools  with  motors  where  the  speed 
regulation  was  obtained  by  resistance  placed  in  the 
armature  circuit.  These,  without  exception,  have 
proven  failures.  There  are  some  instances,  however, 
where  a  small  amount  of  resistance  -is  used  in  the 
armature  circuit  in  connection  with  multi-voltage 
systems  of  control  that  have  not  proven  failures. 
The  results  obtained,  however,  are  not  what  they 
should  be,  although  the  general  result  of  these  appli- 
cations may  have  been  satisfactory.  This  is  a  vital 
point  in  the  operation  of  any  variable -speed-control- 
ling system,  and  any  characteristic  of  the  apparatus 
used  that  is  liable  to  produce  an  unsteady  motion 
should  be  carefully  avoided. 

EFFICIENL'V 

The  comparison  of  the  efficiencies  of  the  various 
mechanical  methods  of  speed  control  with  the  various 
systems  of  electrical  speed  control  is  not  altogether 
favorable  to  the  mechanical  system.  J^n  electric 
system,  even  when  using  very  small  motors  individu- 
ally applied  to  very  small  machinery,  will  show  a 
better  efficiency  from  the  prime  mover  to  the  work 
than  any  mechanical  system  of  power  distribution, 
except  in  cases  where  the  number  of  machines  driven 
is  very  small  and  the  power  from  the  prime  mover 
is  applied  directly  to  the  machine.  Of  course,  due 
consideration  must  be  given    to    the    size    and  type  of 
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the  motor  installed,  when  using  the  electric  system  * 
power  distrihution.  due  regard  being  had  for  the 
average  working  conditions.  The  reason  that  the 
electric  systems  of  power  distribution,  in  case  of  indi- 
vidual motor  application,  show  higher  total  efficiencies, 
is  that  when  no  work  is  being  done,  no  power  is 
consumed ;  while  with  the  mechanical  system  of 
power  distribution,  there  is  a  friction  load,  which  is 
a  certain  amount  when  no  work  is  being  done,  and 
increases  somewhat  as  the  load  increases.  It  is  not 
at  all  uncommon  for  the  friction  load  of  a  manufac- 
turing establishment  to  be  50  per  cent  of  the  maxi- 
mum load  on  the  prime  mover.  In  an  electric 
system  of  power  distribution,  the  conditions  would  I 
very  bad  indeed  if  the  power  factor  were  not  high4 
than  this. 

CONCLUSION 

In  the  installation  of    a    new    manufacturing    plai 
in  which  machinery  will    be  installed  that  will  requii^ 
to  be  operated  at  varying  speeds,  the  different  method™ 
employed  for    producing    these   results   should  be  con- 
sidered in  about  the  following  order  : 

First — What  system  will  assist  in  yielding  a  mass 
mum  output  from   the  machinery  installed. 

Second— The    comparative    costs    of    the    differeaj] 
methods  installed. 

Mr.  L.,  R,  Pomeroy.  in  a  paper  read  before 
Central  Railway  Club,  in  Buffalo,  November  14.CH 
last,  quoted  a  celebrated  authority  (without  namin 
the  authority),  as  follows:  "Where  we  have  to 
cide  whether  we  shall  install  one  large  motor  or  \ 
number  of  small  ones,  I  would  give  preference  to  I 
small  motors  down  to  a  limit  of  five  horse-power  fgj 
light  machines,  and  ten  horse-power  for  heavy 
chines;  this  for  cases  in  which  the  problem  is  ( 
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distribution  only.  Where  the  introduction  of  motors 
would  have  any  effect  on  the  product,  I  would  dis- 
miss entirely  the  question  of  power  and  decide  solely 
with  regard  to  the  convenience  of  operation  afforded, 
and  would  not  hesitate  to  put  in  the  very  smallest 
motors  mounted  upon  any  kind  of  machinery,  not- 
withstandinp  their  greater  cost  and  lower  efTiciencv, 
if  they  even  to  but  a  slight  degree  increase  the  pro- 
duct of  the  labor  of  the  shop.  Gains  in  this  direc- 
tion cause  other  gains  to  sink  into  insignificance." 

In  this  comparison,  the  authority  quoted  is  only 
■Comparing  small  motors  with  large  ones  in  the  point 
of  efficiency.  The  point  of  this  remark  is  that  any 
gain  in  the  increase  of  the  production  of  the  labor  of 
the  plant  is  of  more  importance  than  any  other  con- 
ifiideration.  It  is  a  very  simple  matter  to  calculate 
Fiiow  much  the  production  will  have  to  be  increased  to 
'offset  a  given  investment,  When  this  calculation  is 
made  it  is  easily  seen  that  a  very  slight  increase  in 
•the  production  will  offset  a  very  large  investment. 

When  an  attempt  is  made,  however,  to  make  an 
^exact  determination  of  the  increase  in  the  production, 
due  to  the  installation  of  any  improved  apparatus,  it  is 
'ound  to  be  a  very  difficult  thing  to  do.  The  intro- 
duction of  a  traveling  crane  into  a  plant  handling 
even  comparatively  light  material,  is  always  accom- 
panied by  an  increase  in  the  output,  although  the 
labor  item  may  not  be  very  materially  reduced.  The 
reason  for  this  is  not  hard  to  find.  Although  the 
.same  number  of  men  may  be  employed  on  a  given 
fioor  space,  the  amount  of  material  that  these  men 
can  handle  is  increased  for  the  simple  reason  that 
only  a  certain  amount  of  crowding  of  workmen  or 
machinery  into  a  given  space  is  permissible.  The  same 
thing  is  true  of  the  introduction  of  apparatus  that 
will  hasten  the  production  of  the  machines  themselves, 


Usually,  in  the  consideration  uf  ihe  advisability  i 
installing    any  certain    method    of  operation,  the  qiie» 
lions  are  considered  in  the  reverse  order  to  that  giv 
above.     The  first  question  is,  how  much  will    it    costj 
when  really  the  first  question  ought  to-be,  how  mud 
will  it  increase  the    output. 

Considered  purely  from  the  standpoint  of  variablJ 
speed  control,  some  of  the  mechanical  systems 
variable  speed  control  offer  the  only  perfect  system. 
In  this  they  have  the  advantage,  but  their  accompany- 
ing disadvantages  very  materially  offset  this  advantaj 
in  comparison  with  some  electrical  systems. 

Great  care  should  be  exercised  in  the  selection  ( 
motors  for  different  machines,  to  determine  whether 
the  horse-power  required  is  practically  constant  or 
varies  with  the  speed.  In  most  machines  of  a  reciprt^ 
eating  action — slotters,  shapers.  planers,  etc- 
power  required  varies  with  the  speed,  as  the  power  ! 
consumed  in  the  reversals  of  the  machines,  and 
in  the  actual  work  being  done.  In  cases  of  1 
kind,  the  motor  will  he  called  upon  to  do  its  max^ 
mum  work  at  the  maximum  speed  of  the  machim 
while  in  the  case  of  machines  in  which  the 
performed  is  constant,  irrespective  of  the  actual  : 
of  the  machine  itself,  the  power  required  to  d 
will  be  practically  constant  throughout  the 
range  of  variation.  In  machine-shop  tools,  such 
lathes,  boring  mills,  milling  machines,  etc..  ihis  coi 
dition  exists. 

There  are  two  methods  of  varying  the  speed  of  i 
direct-current  electric  motor  that  are  in  common  use" 
There  are  other  methods,  but  none  of  them  is  as 
simple  and  effective  as  these  two.  The  two  methods 
referred  to  are  that  of  varying  the  volts  impressed 
upon    the    armature    of     the    motor,    and    varying    the 


amount  of  magnetism  in  its  field.  These  two  methods 
can  be  used  to  great  advantage  in  conjunction. 
When  the  range  of  different  voltages  impressed  upon 
the  armature  of  the  motor  and  the  range  through 
which  its  speed  is  changed  by  changing  the  amount 
of  magnetism  in  its  field,  are  properly  proportioned, 
the  minimum'sized  motor  for  the  total  speed  variation 
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is    obtained.      This    can    readily    be    seen    from    the 
curve  attached. 

In  explanation  of  the  use  of  the  curve  in  any 
given  instance :  if  the  speed  range  has  been  deter- 
mined— ^as  well  as  the  maximum  and  minimum  speeds 
— the  full  field   full-speed    voltage    can   be   ascertained 
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from  the  curve  as  follows :  Locate  on  the  curve  A 
the  point  corresponding  to  the  maximum  speed  which 
it  is  desired  to  operate.  Trace  to  the  left  from  this 
point  on  the  scale  of  ordinants  and  read  the  horse- 
power. This  horse-power  may  not  be  the  actual  horse- 
power in  any  given  case,  but  it  can  be  assumed  as 
proportional  to  the  actual  horse-power  required.  Again 
trace  from  the  minimum  speed,  which  it  is  desired  to 
operate,  vertically,  until  the  horizontal  line-  which 
represents  the  same  horse-power  that  was  determined 
from  the  curve  A  is  reached.  Through  this  point 
draw  a  straight  line  from  the  origin  O,  intersecting 
the  curve  A.  From  this  point  of  intersection  trace 
downward  to  the  base  line  and  the  full  voltage,  full 
field  speed  of  the  motor  will  be  found. 

To  get  the  minimum  speed  we  must  use  some 
other  method  than  field  control,  because  the  field  is 
already  up  to  its  maximum  strength,  and  we  therefore 
introduce  a  lower  voltage.  The  ratio  that  this  lower 
voltage  bears  to  the  normal  voltage  is  the  same  as 
that  which  the  lower  speed  bears  to  the  normal  speed. 
By  this  combination  of  multi-voltages  and  field-<:ontrol 
we  are  able  to  get  the  minimum  size  of  motor  for 
the  given  work. 

The  following  few  simple  rules  may  be  of  use  in 
determining  the  relative  size  of  motors  for  constant 
horse-power  application  : 

First — The  total  range  of  speed,  using  both  vari- 
able voltage  and  held  regulation,  will  be  as  the  square' 
of  the  range  of  voltages. 

Second — Change  of  horse-power  will  be.  directly 
proportional  to  change  of  voltage  on  armature,  field 
being  constant. 

Third — Change  of  horse-power  by  change  of  field 
strength  will  be  inversely  proportional  to  change  in 
speed,  voltage  on  armature  remair  ng  constant. 
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Fourth — Relative  size  of  motor,  as  referred  to  the 
maximum  speed,  will  be  directly  proportional  to  its 
speed  variation  when  using  variable  voltages. 

Fifth — The  relative  size  of  motor,  as  referred  to 
the  maximum  speed,  will  be  as  the  square  of  the 
speed  variation  when  using  field  regulation. 


DISCUSSION 

Mk.  Cooper  :  There  is  a  great  use  for  motors  in  small 
manufacturing  plants.  There  are  many  places  where  they 
could  use  motors  to  great  advantage,  and  they  only  require  a  j 

few  horse-power ;   and    when    they    get    the   cost   of   operating  j 

these  motors  from  the  central-station  plant  they  fancy  they  can  [ 

not  use  the  motor,  and  the  small  gas  engines  are  finding  quite  a  i 

field.     It  seems  to  me  that  from  an  engineering  standpoint  there  j 

is   no  reason  why   the  electrical   concerns  should   lei  the  gas-  \ 

«ngine  people  get  away  from  them  in  this  power  matter.     There  \ 

has  been  a  great  deal  of  discussion  at  this  meeting  about  the  [ 

day  load,  and  it  seems  to  me  that  in  this  line  the  power  matter  [ 

is  worthy  of  serious  consideration.  ! 

The  President  :     We  should  like  to  hear  from  any  other  ! 

gentleman  on  this  subject.  ^ 

Mr.  E.  V.  Lloyd  (Chicago):  In  Chicago,  the  cost  of  driving  ; 

machinery  by  gas  engines  in  comparison  with  electric-motor 
drive  is  approximately  the  same,  so  far  as  my  observation  goes. 
The  advantage  in  favor  of  the  electric  motor  is  in  the  cost  of 
maintenance,  as  the  repairs  to  a  gas  engine  increase  very  rapidly  ) 

after  it  has  been  in  operation  a  year  or  two. 

The  claim  has  been  made  that  the  gas  engines  require  little 
or  no  attention.  The  experience  of  the  Chicago  Edison  Com- 
pany's customers  points  to  a  different  condition  of  affairs. 
Wc  take  out  a  great  many  gas  engines  every  year  and  install  i' 

electric  motors  in  their  stead.     I  have  yet  to  know  of   a  case  i! 

where  the  customer  has  returned  to  the  gas  engine  after  using 
electric  drive. 

In  connection  with  the  use  of  variable-speed  motors  by 
customers  of  the  central-station  company,  we  are  limited  at 
present  to  two  voltages  and  must  use  a  motor  designed  to 
operate  on  the  three- wire  system  with  a  wide  variation  in  speed. 
A  motor  constructed  with  specially  wound  fields  used  in  con- 

34 
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The  advantages  of  the  three-wire  Edison  distribution,  with 
:special  motor,  are  as  follows  : 

^/W/-r-Simplicity.  A  250- volt,  direct-current  generator, 
with  neutral  brought  out  from  collector  rings,  and  balancing 
coils,  provides  for  the  125-volt  potential,  while  in  the  multi- 
voltage  system  a  complicated  motor-generator  set  having  a  total 
capacity  approaching  the  main  generator  must  be  furnished. 
The  Edison  three-wire  distribution  system  is  common  for  light 
and  power,  and,  being  a  very  nearly  balanced  load,  nearly  all 
the  power  is  delivered  at  250  volts  with  small  losses.  With  the 
multi-voltage  system  four  or  five  conductors  are  necessary  for 
power  circuit  and  two  or  three  conductors  for  the  lighting 
circuit,  and  the  losses  are  large.  These  carried  to  each 
machine  make  not  only  a  complicated  but  an  expensive  distri- 
bution system. 

Second — The  first  cost  of  the  generator,  the  special  motors, 
controllers  and  distribution  system,  will  generally  be  less  than 
the  generators,  multi-voltage  compensators,  motors,  controllers 
and  distribution  system. 

Third — Efficiency  is  considerably  in  favor  of  the  Edison 
three-wire  system. 

Mk.  GiLLE  :  I  would  ask  if  the  reference  made  by  Mr.  Lyman 
to  putting  a  variable-speed  motor  on  the  Edison  three-wire 
svstem  refers  to  the  network  in  cities.  We  have  tried  it,  and 
unless  you  have  neutral  feeders  of  the  capacity  of  the  outside 
feeders  you  are  liable  to  get  into  trouble.  I  should  not  like  the 
impression  to  spread  that  the  association  would  favor  the  put- 
ting of  variable-speed  motors  on  the  netvvork,  because  I  do  not 
think  it  is  possible. 

Mr.  Lloyd  :  We  have  a  large  number  of  motors  operating 
on  two  voltages  in  Chicago,  such  as  printing  presses,  fans,  air 
compressors  and  ammonia  compressors.  The  majority  of  these 
motors  are  under  15  horse-power,  but  we  have  one  of  80  horse- 
power operating  on  two  voltages.  1  would  say,  however,  that 
this  large  motor  is  near  a  substation  where  we  have  installed  a 
balancing  set  to  even  up  the  pressure. 

Mr.  Cooper  :  I  would  ask  Mr.  Lyman  with  reference  to 
large  installations  of  variable-speed  motors  that  have  signally 
failed  with  regard  to  their  functions.  I  was  formerly  con- 
nected with  the  Bullock  company,  and  it  has  installed  a 
great  many  multiple-voltage  systems,  as  has  also  the  Crocker- 
Wheeler  company.     I  do  not  think  that  any  of  the  installations 
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have  signally  failed  in  any  individual  case.  Of  course  there 
are  always  instances  where  things  do  not  work  so  perfectly  as- 
they  might,  but  the  fact  that  they  are  rapidly  increasing  the 
number  of  these  motors  installed  seems  to  me  sufficient  evidence 
that  they  have  not  failed. 

Regarding  the  point  Mr.  Lyman  also  made  about  the 
balancing  effect  for  multi-voltage  circuits — the  arrangement  of 
a  balancing  set  is  essentially  this  :  We  have  a  generator  of  any 
suitable  capacity,  and  this  multi-voltage  system  can  be  worked 
on  any  number  of  wires  we  like,  greater  than  two  ;  three  wires- 
with  equal  voltages  or  three  wires  with  different  voltages 
between  the  mains,  or  four,  or  five,  or  more  wires.  The 
system  to  which  the  gentleman  referred  is  probably  the  four- 
wire  system. 

(Mr.  Cooper  then  drew  a  chart  illustrating  how  motors- 
should  be  operated  on  a  four-wire  system.) 

Mr.  Arthur  Williams  :  From  the  experience  we  have  had 
in  New  York  during  the  past  few  months  in  competing  with  the 
operation  of  gas  engines,  I  am  inclined  to  think  that  at  the 
usual  prices  prevailing  for  power  service  through  the  country — 
in  additional  costs,  to  say  nothing  of  the  many  additional 
features  of  convenience,  efficiency  and  safety  —  there  is  no 
chance  for  the  competition  of  the  gas  engine  with  the  electric 
motor.  A  short  time  ago,  one  of  our  customers,  thinking  he 
could  make  electric  light  for  very  much  less  with  a  gas  engine, 
installed  a  plant,  the  latest  in  type  and  design,  only  to  find  that 
the  gas  he  would  consume  under  the  guarantee  of  the  manu- 
facturers would  cost  annually,  at  $i.oo  per  thousand  cubic  feet, 
$3,500,  whereas  the  aggregate  of  the  bills  of  the  preceding 
year  for  electric  current  was  only  $2,700.  Here  was  a  saving  of 
about  $800,  and  the  plant  has  never  run  an  hour  and  can  be 
purchased,  I  think,  at  a  low  price.  In  the  last  fo*ur  or  five 
months  the  agents  of  the  New  York  Edison  company  have 
taken  out  an  average  of  fully  six  gas-engine  plants  ;  to  such  an 
extent  has  this  process  been  going  on  that  I  think  there  are  few 
gas-engine  generating  plants  left  in  the  city.  This  has  been 
done  without  any  concessions  from  the  usual  prices. 

Mr.  Lieb  :  I  think  the  experience  of  every  company  in  the 
United  States  operating  motors  to  any  considerable  extent  is 
entirely  at  variance  with  Mr.  Cooper's  contention  that  the  gas 
engine  is  at  present  a  formidable  competitor  of  the  electric 
motor.     I  am  sure  it  is  not  in  any  of  the  larger  cities,  and  that 


5o« 

without  making  rates  as  low  as  the  minimum  that  Mr.  Cooper 
has  in  mind  for  the  electric  motor. 

Mr.  F.  W.  Bowen  (Kenosha,  Wis.):    For  the  information  of 
some  of  our  members  who  may  not  be  thoroughly  conversant 
with  the  cost  of  the  two  classes  of  power,  I  would  say  that  the 
lowest  estimate  for  a  gas  engine  is  20  feet  of  gas  per  hp-hour. 
Twenty   feet   of  gas   at   $1.00   per  1,000   means  two  cents  per 
hp-hour,  which  would  mean  that  you  would  have  to  sell  at  two 
and  two-thirds  cents  per  kw-hour  in  order  to  compete  with  the 
gas  engine  if  it  were  simply  a  question  of  the  hp-hour.     If  you 
find  that  you  can  buy  your  gas  at  a  less  price — such  as  80  cents, 
as  is  often  the  case —you  must  sell  your  wattage  at  two  and  one- 
eighth  cents  per  kw-hour  in  order  to  compete  with  the  horse- 
power cost  of  the  gas  engine.     But  to   my  mind  it  is  not  a  - 
question  of  the  wattage  per  kilowatt  or  the  power  per  hp-hour; 
it  is  a  question  of  the  efficiency  of  the  electric  motor  as  com- 
pared with  the  gas  engine,  not  from  the  initial  cost  of  the  power 
that  is  involved,  but  from  its  applicability  to  the  work.     I  know 
we  have  many  cases  where  if  the  price  of  current  per  hp-hour 
were  ten  times  the  cost  of  gas  per  hp-hour,  the  current  would 
still  be  used.     So,  to  my  mind,  it  is  not  a  question  whether  or 
not  we  can  compete  with  gas  as  a  motive  power,  but  a  question 
of  getting  people  to  use  electric  motors  for  the  uses  where  they 
are  applicable  in  their  business. 

Professor  Morgan  Brooks  (Urbana,  111.):  Power  derived 
from  a  shaft  is  commonly  sold  by  contract,  whereas  electric 
current  is  more  often  sold  by  meter,  requiring  payment  only  for 
the  power  actually  used.  One  horse-power  may  cost  25  cents 
per  day  by  contract  and  only  15  cents  by  meter,  in  spite  of  the 
higher  rate  for  the  metered  power  if  used  continuously.  Thus 
the  method  of  charging  has  to  be  considered  as  well  as  the 
apparent  rate. 

Mr.  Arthl'r  Williams:  I  do  not  think  the  impression 
«ht)uld  be  given  in  this  meeting  that  a  gas  engine  can  be  run 
with  an  efficiency  of  20  feet  of  gas  consumed  per  horse-power; 
I  know  of  no  test  where  they  have  consumed  less  than  30  or  40 
rfcet  of  gas  per  horse-power. 

Mr.  Bowkn  :   I  was  speaking  of  the  ordinary  hit-or-miss  gas 
engine;    in    that   class    18    feet   of   gas    per   hp-hour   is.  easily 
•  obtained. 

Mr.  C.   W.  Koinkr  (Oneida,  N.  Y.)  :    I  do  not  think  that 
entral  stations  have  anything  to  fear  from  competition  of  gas 
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engines  with  electric  power  in  the  average  town.  For  instance, 
in  Oneida,  where  we  control  both  the  gas  and  electric  power,  we 
are  selling  our  gas  for  power  purposes  at  the  rate  of  $i.oo  per 
i,ooo  as  against  electric  current  for  power  purposes  at  from  two 
to  ten  cents  per  kw-hour.  The  customer  must  use  a  very  large 
quantity  of  power  in  one  month  in  order  to  have  the  advantage 
of  the  two-cent  rate.  We  cut  the  price  on  gas  to  $i.oo  per  i,ooo 
feet  in  otder  to  keep  out  the  gasolene  engines.  Gas  engines,  as 
a  rule,  are  not  quite  so  reliable  as  the  motors,  and  sometimes  a 
place  may  be  stopped  for  a  considerable  time  owing  to  their 
failure.  In  every  case  where  we  replace  a  gasolene  motor  the 
customer  is  perfectly  satisfied  and  would  not  change  because  of 
a  slight  increase  of  cost.  The  cost  does  not  as  a  rule  run  so 
high  as  they  anticipated  it  would,  for  the  reason  that  they 
always  figure  on  the  maximum  power.  They  do  not  take  into 
consideration  that  the  motor  is  run  the  greater  part  of  the  time 
at  one-tenth  of  the  power  it  is  capable  of  developing.  We  have 
to  bring  these  points  to  their  attention.  I  do  not  think  that  any 
gas  company  can  afford  to  sell  gas  for  less  than  $i.oo  per  i,ooo 
in  the  average  town,  because  with  the  plant  in  good  shape  gas 
can  not  be  put  in  the  holder  and  distributed  for  gas-engine 
purposes  for  less  than  $i.oo. 

Mr.  Hartman  :  In  regard  to  the  matter  of  gas-engine 
service  as  against  electric-motor  service,  it  seems  to  me  there  is 
an  element  entirely  apart  from  the  efficiency  of  the  gas  engine 
that  appeals  to  the  customer.  At  Canton,  O.,  we  have  com- 
petition with  natural  gas  at  25  cents  per  1,000  feet.  We  all 
know  that  natural  gas  is  more  efficient  for  use  in  gas  engines 
than  is  manufactured  gas.  Notwithstanding  that,  we  have  over 
800  horse-power  of  electric  motors  connected  in  this  town  of 
30,000  inhabitants,  and  have  no  difficulty  in  adding  to  that 
service.  Our  customers  find  that  reliability  of  service  is  more 
important  to  them  than  the  cost.  Another  point  —  it  was 
mentioned  by  one  of  the  previous  speakers — the  efficiency  of 
gas  engines  as  given  in  circulars  and  by  the  gas-engine  agents 
is  based  on  the  rated  load  of  the  engine.  As  a  matter  of  fact, 
hardly  any  one  runs  his  engine  at  its  proper  normal  load.  The 
engine  runs  normally  at  considerably  less  than  its  best  efficiency, 
and  the  consequence  is  that  the  amount  of  gas  required  is 
largely  in  excess  of  the  figures  quoted. 

Mr.  Frederick  Pearson  (Chicago,  111.)  :  If  in  order, 
Mr.  President,  I   should   like  to  make  a  few  remarks  on  this 
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subject.  Returning  to  the  original  subject  of  Mr.  Cooper's 
paper,  and  referring  especially  to  the  multi-voltage  system  of 
speed  control — experience  has  proven,  I  think,  that  for  the 
equipment  of  machine  tools  and  similar  machinery  in  manu- 
facturing establishments,  the  two-step  or  iio-22o-volt  system 
with  variable  field  for  the  intermediate  speeds  has  proven 
entirely  satisfactory  when  operated  on  the  three-wire  system. 
The  multi-voltage  method  of  control  is  not  so  well  adapted  to 
machines  operating  under  a  nearly  constant  load,  as,  for 
instance,  air  compressors,  ammonia  compressors,  positive 
blowers,  and  large  motors  driving  machine  tools  in  groups.  In 
such  cases  it  would  be  far  more  advisable  to  use  a  larger  motor 
frame  and  obtain  speeds  above  and  below  normal  by  means  of  a 
wide  range  of  field  variations. 

With  regard  to  the  statement  that  there  is  a  large  economy 
in  individually  driven  machine  tools,  I  wish  to  say  that  this* 
statement  should  be  qualified.  It  will  not  always  prove 
practicable  to  equip  a  large  number  of  small  tools  with  indi- 
vidual drive.  Under  average  conditions  it  will  prove  far  more 
advisable  to  arrange  to  drive  small  machine  tools  in  groups  of 
eight  to  twelve  tools  driven  from  one  large  motor  coupled  with 
countershafting.  Of  course,  where  the  tool  is  large  enough  to 
require,  say,  from  two  to  five  horse-power  it  would  prove  profit- 
able to  use  individual  drive. 

As  to  the  gas-engine  proposition,  I  have  in  mind  two  or 
three  gas  engines  recently  displaced  by  motors,  in  which  the  gas 
consumption  ran  as  high  as  35  or  40  cubic  feet  per  hp-hour, 
which  placed  on  an  electrical  equivalent  would  mean  seven  to 
ten  cents  per  kw-hour.  This,  however,  was  not  the  principal 
reason  for  making  the  change  in  motors  ;  it  was  done  principally 
on  account  of  the  better  adaptability  of  motors  to  the  work  ;  the 
better  speed  regulation,  less  attention  required,  as  well  as 
smaller  cost  of  maintenance.  I  know  of  several  cases  where 
motors  operating  on  a  sliding-scale  rate  of  from  ten  to  five 
cents  per  kw-hour  have  displaced  gas  engines  permanently. 

Mr.  Arthur  Williams  :  A  moment  ago  I  gave  some  figures 
of  average  consumption  per  hp-hour  for  gas  engines.  I  lyant  to 
correct  that  statement  to  this  extent — that  these  figures  obtain 
in  actual  practice.  A  gas  engine  of  10  horse-power  will  hardly 
exceed  an  average  load  of  three  or  four  horse-power,  at  which 
point  it  is  very  inefficient.  I  recall  figures  showing  60  cubic  feet 
of  gas  consumed  per  hp-hour. 
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Mr.  F.  Ellwood  Smith  :  I  have  had  some  little  experience 
with  gas  engines  as  against  motors.  I  have  two  instances  in 
mind.  We  had  a  gas  engine  in  use  in  a  small  printing  establish- 
ment several  years  ago,  and  the  owner  was  anxious  to  put  in  an 
electric  motor  on  trial.  It  was  put  in,  and  several  months  after 
that  he  told  me  he  considered  it  would  be  cheaper  for  him  to 
pay  $12  a  month  for  current  for  the  motor  than  to  pay  what  it 
had  cost  him  for  the  gas-engine  service.  As  a  matter  of  fact, 
his  bills  did  not  run  over  $7.00  or  $d.oo  per  month.  I  had 
another  case  recently.  A  man  put  in  a  gas  engine  of  15  or  20 
horse-power.  At  the  time  it  was  put  in  I  tried  hard  to  put  in  a 
motor,  but  the  gas  man  got  ahead  of  me.  A  short  time  ago  the 
man  telephoned  and  asked  if  he  could  get  a  motor  temporarily. 
I  went  to  see  him  and  found  that  his  gas  engine  had  broken 
down.  I  happened  to  have  idle  a  lo-hp  induction  motor, 
and  I  had  it  in  his  place  that  afternoon  and  the  current  turned 
on.  He  did  not  want  to  buy  the  motor,  but  agreed  to  pay 
$10  monthly  rental  for  it  in  addition  to  the  cost  of  current. 
He  has  been  using  the  motor  six  months.  The  bill  for  the  rent 
of  motor  and  current  for  the  first  six  months  was  over  $70.  He 
made  some  objection  to  the  high  charge,  as  he  said,  but  we  did 
not  make  any  special  price  to  him.  The  price  was  about  6.3 
cents  per  kw-hour ;  his  gas  cost  him  $500  a  year,  and  the  motor 
current  at  the  rate  named  would  cost  him  $800  per  year.  He 
has  paid  every  bill  since.  The  smaller  price  of  the  gas  did  not 
throw  out  the  motor. 

Mr.  Almert  :  At  a  recent  meeting  of  the  steam  men  in 
this  city,  a  conservative  gas-engine  representative  stated  that 
they  had  left  off  representing  that  gas  engines  needed  no  atten- 
tion, and  even  with  their  small  units  they  will  not  guarantee 
uninterrupted  service  unless  an  attendant  of  superior  intelli- 
gence to  that  of  an  ordinary  steam  engineer  is  put  in  charge  of 
the  plant. 

The  President  :  We  shall  be  pleased  to  have  Mr.  Cooper 
close  the  discussion  on  this  paper. 

Mr.  Cooper  :  The  discussion  of  this  paper  seems  to  have 
taken  a  turn  irrelevant  to  the  subject  in  hand.  I  did  not  intend 
that  the  discussion  should  rest  on  the  remark  I  made  at  the 
close  of  my  paper.  I  only  threw  out  as  a  suggestion  from  my 
experience  that  the  small  manufacturing  plants  were  using  the 
gas  engine  to  some  extent.  They  are  certainly  crowding  into 
small  quarters  where  they  can  connect  up  with  a  steam  engine. 


:and  my  idea  was  that  some  business  might  be  worked  up 
in  that  line. 

As  to  operating  variable-speed  motors  on  the  three-wire 
system,  so  far  as  my  experience  has  gone  it  has  been  difficult 
to  get  permission  to  operate  motors  on  the  three-wire  system. 
In  Cincinnati  they  will  not  allow  anything  larger  than  a 
one-hp  motor  on  their  circuits.  Of  course,  any  variable- 
speed  motor  would  have  to  be  smaller  to  work  on  the  circuit. 
If  it  is  true  that  the  Edison  central  station  will  allow  motors  of 
any  size  on  their  three-wire  circuits,  it  opens  up  a  new  field, 
which  the  electrical  companies  will  do  well  to  follow  up. 

The  President  :  The  next  matter  to  receive  our  attention 
this  afternoon  is  the  report  of  Mr.  Robert  L.  Elliott,  of  Chicago, 
on  Theft  of  Current. 

Mr.  Elliott  presented  the  paper,  which  will  be  printed  only 
in  pamphlet  form  for  the  use  of  active  members. 

The  President  :  The  next  report  is  that  of  Mr.  L.  C. 
Van  Ness,  of  Lincoln,  Neb.,  on  Lost  and  Unaccounted-for 
<^urrent. 


LOST  AND  UNACCOUNTED-FOR  CURRENT 

When  this  subject  was  assigned  to  me  I  hoped  to 
l>c  able  to  present  a  tabulation  of  records  showing 
lost  and  unaccounted-for  current  from  a  number  of 
stations,  but  I  was  disa|)pointed  in  getting  some  of 
these  records.  Instead  of  a  tabulation  of  results  I 
will  only  attempt  to  discuss  the  subject  in  detail,  and 
try  and  show  how  the  different  elements  may  be 
calculated  and  to  what  use  this  information  may  be 
put  once  it  is  determined. 

This  may  not  be  as  interesting  to  central-station 
men  who  now  know  what  their  lost  and  unaccounted- 
for  current  is,  but  it  will  be  of  more  value  to  those 
who  do  not  know,  if  they  will  attempt  to  apply  the 
methods  to  their  own  conditions. 

Lost  and  unaccounted-for  current  in  high-tension 
transmission  lines  will  ncH  be  discussed  here,  as  an 
inductive  drop  plays  an  important  part,  and  a  study  of 
conditions  of  existing  lines  would  probably  reveal 
embarrassing  errors  in  original  design  whicli  were 
practically  unavoidable  at  the  time  the  design  was 
:made. 

The  study  of  lost  and  unaccounted-for  current  in 
distributing  systems  is  not  only  interesting  work,  but 
it  almost  invariably  brings  to  attention  conditions  that 
can  easily  be  remedied  and  the  efficiency  improved 
thereby. 

Lost  and  unaccounted-for  current  in  alternating 
^distributing  systems  may  be  classified  under  four  heads: 

Transformer  iron  loss 
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Resistance  loss 

Meter  shunt  loss 

Unaccounted-for  current 

Fcr  direct-current  distributing  systems,  lost  and 
unaccounted-for  current  may  be  classified  under  three 
heads : 

Resistance  loss 

Meter  shunt  loss 

Unaccounted-for  current 

These  headings  will  be  described  briefly,  and  I 
shall  endeavor  to  show  that  tlie  losses  may  be 
accounted  for,  and  that  this  accounting  will,  in  itself, 
suggest  means  to  reduce  the  loss. 

Transformer-core  loss  is  very  easily  calculated  by 
multiplying  the  loss  per  transformer  times  the  trans- 
formers in  circuit,  times  the  hours  of  operation,  when 
the  transformers  are  all  of  the  same  size.  When 
various  sizes  are  used  it  mav  be  calculated  for  the 
(liflferent  sizes  and  footed  for  the  total.  If  trans- 
formers have  not  been  tested  in  the  testing-room, 
the  makers'  guaranteed  loss  may  be  used  if  due 
allowance  is  made  for  ac:in<r  of  the  cores.  An 
allowance  should  also  be  made  for  the  voltage  under 
which  the  transformers  are  operated,  if  makers  tests 
are  not  at  the  same  voltage  at  which  transformers  are 
operated.  Within  small  limits  core  loss  will  increase 
about  two  per  cent  for  each  one  per-cent  increase  in 
voltage  over  tested  voltage.  A  comj)arison  of  two 
districts,  one  sup|)lied  by  isolated  transformers  and  the 
other    by  individual    transformers,  will    at  once  give  us 

an   idea  of  how  much  monev  miirht  be  spent  to  install 
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a  three-wire  secondary  system,  as  much  less  transformer 
capacity  will  take  care  of  the  same  load  in  three-wire 
network  than  with  isolated  transformers.  In  case  of 
very    large    installation     ne.ir     the     shop,     it     may     be 
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advisable  to  make  arrangements  to  cut  out  certain 
transformers  during  period  of  light  load.  In  case 
there  is  practically  no  morning  peak,  a  portion  of 
the  transformers  mav  be  cut  out  at  lo  or  ii  p.  m. 
and  left  out  until  dusk  of  the  following  evening. 

A  comparison  of  the  cost  of  generating  this 
particular  amount  of  current  for  that  time  with  the 
cost  of  labor  incurred  in  cuttinir  out  and  cuttin<r  in 
transformers,  would  determine  whether  or  not  this 
would  be  a  profitable  arrangement.  Remote  control 
switches  have  been  proposed  for  doing  this  work,  but 
as  it  is  necessary  to  cut  out  both  primary  and 
secondary  of  a  transformer  on  a  three-wire  system,  the 
switching  apparatus  becomes  complicated,  and  it  is 
doubtful  if  this  may  be  done  proHtably. 

Resistance  losses  may  be  calculated  in  several 
ways.  The  simplest,  and  |)iobably  the  most  satis- 
factory way,  is  to  compare  the  average  voltage  of  the 
lamps  on  a  circuit  with  the  voltage  carried  at  the 
station  as  determined  bv  station  records.  This  will 
show  a  certain  variable  diff(;rence  in  voltage  due  to 
the  load  on  the  station  at  any  particular  hour.  This 
difference  in  voltage  represents  the  C  R  and  reactive 
drop  of  the  feeders,  which,  multip]ic;d  by  current 
carried  by  feeders  at  the  same  time  and  the  power 
factor  of  the  circuit,  will  give  us  watt  loss  in  our 
distributing  system  for  that  particular  load.  This  may 
be  calculated  for  as  many  different  loads  as  is  thought 
advisable  and  the  summation  taken  ft)r  an  average  day 
of  the  period.  The  information  necessary  for  all  this 
calculation  is  available  in  almost  every  station,  as 
indicating  ampere-meter  readings  are  usually  taken  at 
intervals  of  one-half  hour  or  hour,  and  every  central- 
station  man  will  claim  that  his  lamps  are  run  at  very 
nearly  their  rated  voltage. 
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There  is  another  and  more  complicated  way  of 
calculating  resistance  losses,  which  may  be  used  to 
check  the  method  described  previously.  The  loss  in 
the  feeders  may  be  calculated  by  taking  size  and 
length  of  feeders  and  calculating  the  C2R  loss  for 
one  ampere  flowing  to  the  first  point  of  division. 
From  this  point  to  the  end  of  the  circuit,  if  the  one 
ampere  is  considered  as  dividing  in  proportion  to  the 
connected  load  on  different  branches,  the  C2R  loss 
may  be  calculated  accurately  to  the  end  of  the  feeders. 
From  this  value  per  ampere  the  all-day  losses  may  be 
calculated  by  taking  the  station  ampere-meter  readings 
at  intervals  during  the  day  and  squaring  them  and 
multiplying  by  the  loss  per  ampere.  By  taking  the 
station  output  for  the  Siime  period,  a  certain  relation 
may  be  established  between  the  C2R  loss  and  the 
output  of  the  station.  This  ratio  may  be  applied  to 
the  output  of  the  station  for  the  period,  to  determine 
resistance  losses  for  the  period.  It  must  be  borne  in 
mind  that  the  losses  increase  or  decrease  in  proper- 
tion  to  the  square  of  the  output. 

Secondary  losses  may  he  calculated  in  the  same 
manner,  and  transformer  resistance  losses  may  be 
calculated  by  using  the  rated  loss  at  the  load  carried 
by  the  transformer  at  different  periods  of  the  day. 
This  process  is  somewhat  tedious,  and  I  think  the 
first  method  will  giv(?  the  resistance  losses  fully  as 
c  loselv  as  the  second  method,  and  it  has  the  advan- 
I  age  of  being  rapid  and  recjuiring  very  little  data. 

The  cost  of  furnishing  this  current  that  is  lost  in 
the  feeders  will  furnish  an  indication  of  the  time 
when  it  will  be  proper  to  make  an  expenditure  to 
reinforce  the  lines.  If  all  feeders  are  carried  on  one 
'bus-bar  and  feed  independent  districts,  it  may  be 
necessary  to  consider  also    a   feeder  regulator  to   over- 


come  excessive  drop  due  to  increase  of  business  in 
one  district.  The  figures  to  compare  are,  then, 
interest  and  depreciation  on  reinforcements,  cost  of 
resistance  losses,  and  cost  of  regulator  losses. 

Meter  shunt  loss  is  calculated  by  determining  by 
test  the  losses  of  each  type  of  meter  and  each  size 
and  multiplying  the  result  by  the  number  of  each  type 
and  size. 

Meter  shunt  loss,  while  not  considered  serious, 
will  sometimes  show  more  than  transformer  iron  loss. 
This  is  quite  possible  in  a  residence  district  fed  by 
^  carefully  designed  secondary  network.  Many  small 
consumers  may  be  served  by  small  transformer  capa- 
city, but  they  require  a  meter  per  consumer,  and 
unless  losses  -are  small  per  meter,  the  total  loss  is  a 
serious  item.  The  only  means  of  reducing  this  loss  is 
by  installing  meters  with  less  loss  j)er  meter,  or  by 
using  ampere-hour  meters.  It  has  occurred  to  the 
writer  that  if  meter  manufacturers  would  devote  as 
much  time  to  developing  an  ampere-hour  meter  as 
they  spend  trying  to  improve  the  wattmeter,  they 
might  produce  a  meter  that  would  serve  our  purpose 
much  better.  We  all  claim  that  we  give  good  regu- 
lation, and  if  this  is  true  we  can  calculate  the 
consumption  for  alternating  incandescent  load  as 
accurately  with  a  correct  and  sensitive  ampere-hour 
meter  as  it  can  be  measured  bv  a  wattmeter.  We 
should  then  eliminate  a  loss  that  amounts  to  from  i6 
to  36  kw-hours  per  year  per  consumer. 

The  unaccounted-for  current  is  all  that  we  arc 
unable  to  trace  accurately.  This  includes  faulty  regis- 
tration of  meter,  elimination  of  meters  from  the 
records,  theft  of  current,  and  leakage  by  grounds  in 
underground  systems.  There  is  really  no  good  excuse 
for   losing   records.      However,    it    sometimes    happens. 
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and  the  only  way  to  check  this  is  to  go  over  the 
districts  covered,  countinij  connections  and  comparing 
with   the   number   of  consumers  shown   by  the   ledger. 

The  resistance  losses  for  the  direct-current  system 
should,  I  think,  be  calculated  by  the  first  method 
given  for  alternating  system.  If  we  attempt  to 
calculate  it  by  the  second  method  the  probfcm  is 
almost  endless,  on  account  of  interconnecting  feeders 
and  mains.  The  only  error  that  can  appear  in 
calculation  by  the  first  method  is  error  in  assuming  the 
voltage  at  which  the  lamps  are  operated.  This  should 
be  checked  by  numerous  tests  at  all  hours  and  over 
the  entire  system.  It  is  not  sufficient  to  assume  that 
lamps  are  run  at  rated  voltage  because  the  manage- 
ment claims  that  they  are  giving  an  average  regulation 
within  a  certain  per  cent.  It  is  possible  that  a  test 
for  this  purpose  will  develop  some  deficiencies  in 
regulation  that   are  not  suspected. 

The  following  are  some  figures  on  three  repre- 
sentative circuits : 

TABLE   1 


tablk  showing  data  om  threic  fekdkrs  and  losses  on 

saml: 


Voliaj^e 2,oo<) 

Conneclfcl  Lo.irl,  Kil<)\v;iiis 337 

Maximum  DcmanO,  Kilowalis 176 

Kuinl)er  of  Transformers 12 

Cap  rransfurmcrs,  Kilowatis 130 

Number  of  Meiers I  1S2 

Trans.   Iron  Loss,  Per  Cent 3.O 

Resistance  Lo>s,  l*er  Cent 4.5 

Met<'r  Shunt  Loss.  Per  Cent '  .fJ 

L'naccounted  for,  Per  Cent 13.3 

Sales.  Per  Cent 1  77.8 

Output,   Per  Cent 100 

Output,    Kw-hours 35-3^^ 
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The  first  is  a  well-designed  feeder  supplying  a 
business  district  on  ihree-vvire  network. 

The  second  is  a  carefully  designed  feeder  supplying 
a  residence  district  on  three-wire  network. 

The  third  is  a  feeder  with  isolated  transformers, 
such  as  we  often  find,  that  has  been  added  to  from 
time  to  time  and  no  attention  paid  to  economy  of 
operation.  This  feeder  supplies  a  mixed  residence  and 
business  section,  and  could  be,  and  was,  made  with 
very  little  expenditure  an  efficient  distributing  system. 
The  data  are  not  at  hand  to  show  just  what 
efficiency  was  obtained  after  changing,  but  it  would 
probably  fall  between  feeders  i   and  2. 

It  may  be  noted  that  between  feeders  1  and  2  the 
transformer  iron  loss  is  3.6  per  cent  for  No.  1  and 
15.4  for  No.  2.  The  actual  watts  lost  in  No.  2  are 
more  than  the  watts  lost  in  No.  1,  but  the  lesser 
sales,  due  to  its  being  a  poorer  district,  r.aise  its 
percentage  of  iron  loss. 

The  meter  shunt  loss  shows  less,  both  in  percentage 
and  watts,  for  feeder  No.  i  than  for  No.  2,  for  the 
reason  that  the  consumers  are  fewer  in  number  and 
the  consumption  greater. 

The  unaccounted-for  current  shows  an  abnormal 
amount  under  feeder  No.  i,  which  indicates  that  there 
is  some  theft  of  current  in  that  section.  The  natural 
course  to  pursue  would  be  to  check  uj)  all  meters  in 
that  district,  and,  if  no  large  meters  were  found  dead, 
then  it  would  be  necessary  to  begin  a  search  for  taps 
taking  current  \vithout  measurement. 

Feeder  No.  3,  while  it  appears  to  a  great  disad- 
vantage beside  Nos.  i  and  2,  is  by  no  means  unusual. 
There  are  many  operating  under  the  same  conditions 
to-day,  and  few  realize  the  cost  of  this  operation.  For 
instance,  the  iron  loss  in   this  feeder  amounts  to  8,600 

35 
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kw-hours  per  month.  This,  at  the  generating  cost  of 
one  cent  per  kw-hour,  amounts  to  $86  per  month 
or  $1,032  per  year.  The  excess  of  this  over  nor- 
ma) transformer  loss  would  pay  interest  on  considerable 
investment  for  new  transformers  and  secondary  copper, 
and  we  should  also  be  able   to  give   better  regulation. 

TABLE  11 

TABLE    SHOWING    LEGITIMATE    LOSSES    ON    FIVE  CAREFULLY 
DESIGNED  FEEDERS  SUPPLYING  ALL  CLASSES  OF  BUSINESS 


I.. 
2.. 

3.- 
4. 

5. 


Tkans.  Iron  Loss       Rksistancr  Loss 


Voltage 


l,(xy:) 
1,000 
1,000 

2,DOO 

2,000 


Wait-hrs. ,  Per  Cent  iWati-hrs.    Per  Cent 


I 


28.488 

19.752 
28,680 
20.712 

42,57^ 


6  76 
3.78 

9  56 
501 

8.  ^  ^ 


23.923 
25.086 

17,026 

2i),6i)l 

28,867 


5.68 

i.()8 

5.  JO 

7  28 
5.79 


Mbtek  Shunt  Loss 


Watt-hrs.  I  Per  Cent 


14.9*6 
19,002 
23,316 

24,504 
18,720 


I 


I 


3-54 
3.65 
7-77 
5.93 
3.76 


OUTPI'T 


Watt-hn. 


421. 000 
522,400 
300,000 
413,000 
477.60a 


Table  No.  2  shows  output  and  losses  for  an  aver- 
age winter  day  for  five  feeders,  whieh  have  received 
considerable  attention  in  the  way  of  design.  There  is 
hut  one  peculiarity  in  these  fii>ures,  and  that  is  that  in 
feeder  No.  4  the  meter  shunt  loss  amounts  to  more 
than  lUc.  transformer  loss.  This  is  due  to  the  fact  that 
I  he  feeder  supj)hes  a  residence  section  hy  a  carefully 
designed  ihiee-wire  network.  The  conditions  here 
were  such  that  the  transformer  capacity  could  be  so 
installed  thai  verv  little  more  than  the  demand  of  the 
Teeder  was  necessary  in  order  to  give  pro|>er  regulation. 
On  account  of  the  laruc  number  of  consumers,  it  was 
impossible  to  keep  the  meter-shunt  loss  down  without 
using  amiure-hour  meters. 
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TABLE  III 


TABLE  SHOWING  LOST  AND  UNACCOUNTED-FOR  CURRENT  FOR 
A  STATION  FOR  THE  FIRST  THREE  MONTHS  OF  ANALYSIS 


Trans.  Fb.  Loss 

Rksistancr  Loss 

Shunt  Loss 

L^NACCUINTED  H)R 

Kw-hours  Per  Cent 

1 

Kw-bours 

Per  Cent 

3.76 
3.66 
2.62 

1 

Kw-hourv  Per  Cent 

1 

1 

Kw-hoursiPer  Cent 

1 

January. . 
February . 
March .... 

29,296 
26,163 
28.15^ 

14.3 

14.5 
16.9 

7,849 

6.588 

4,377 

1     7,486    '    3.58 

6,625       3-68 

1    7,121       4.28 

1 
43,205  1    20.6 
36,096       20.1 
23,958        14.4 

1 

Table  No.  3  will  give  an  idea  of  some  of  the 
things  that  we  may  learn  by  an  analysis  of  lost  and 
unaccounted-for  current  for  an  ordinary  station.  This 
shows  analysis  for  the  first  three  months.  It  will  be 
noted  that  transformer  iron  loss  remains  practically  the 
same.  The  party  making  this  analysis  states  that  it 
will  be  cut  something  like  10,000  kw-hours  per  month, 
in  a  very  short  time.  This  is  not  entirely  due  to  the 
analysis  of  the  lost  and  unaccounted-for  current,  as 
the  requirements  of  the  service  demand  an  improve- 
ment in  this  line. 

The  resistance  loss  has  been  decreased  by  very 
little  expenditure,  simply  because  they  found  where 
the  resistance  loss  took  place. 

They  do  not  ex})ect  to  reduce  the  meter  shunt 
loss,  but  the  unaccounted-for  current  has  been  reduced 
about  forty-five  per  cent  in  three  months.  This  was 
accomplished  by  looking  up  lost  records,  defective 
meters,  and  thefts  of  current. 

The  party  making  this  analysis,  in  reporting  says  : 
**The  work  necessiiiy  to  make  this  analysis  easily 
pays  for  itself  many  times  over,  as  it  is  very  probable 
that    we    should    not     have    discovered     the     theft     of 
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current  or   loss  of  records  had  it  not  been  brought  to 
our  attention  in  this  forcible  manner." 

These  figures  are  not  cited  as  representing 
average  conditions.  However,  there  are  many  sections 
to-day  with  alternating  distributing  systems  in  no 
better  condition  than  this  one  was  in  January.  While 
an  analysis  is  not  always  necessary  to  get  a  station  in 
good  condition,  I  maintain  that  the  information 
brought  out  in  analysis  of  this  kind  will  assist  us 
greatly  in  tracing  out  inefficiencies  that  can  easily  be 
remedied. 

L.  G.  Van  Ness,  Committee. 

The  Presidknt  :  The  next  order  of  business  is  the  Ques- 
tion Box,  edited  by  Mr.  H.  T.  Hartman.  I  want  to  say  for 
Mr.  Hartman  that  he  has  been  working  hard  to  get  the  Question 
Box  in  the  shape  in  which  it  is  presented  to  you  to-day,  and  I 
feel  that  this  association  owes  him  a  sincere  vote  of  thanks. 

Mr.  Hartman  read  the  introductory  to  the  Question  Box, 
which  will  be  found  in  Appendix  D. 

(Mr.  Hartman,  acting  as  secretary,  in  the  chair.) 

Chairman  Hartman:  The  next  business  before  the  associa- 
tion is  the  report  of  the  committee  on  the  president's  address. 


Mr.  Brady  presented  the  report,  as  follows  : 

REPORT    OF    COMMITTEE    ON    PRESIDENTS 

ADDRESS 


NcUional  Electric  Light  Association  : 

Gentlemen  :  The  committee  to  which  the  excel- 
lent  introductory  address  of  your  president  was  referred 
for  report  on  the  suggestions  contained  therein,  begs 
to  make  the  following  recommendations : 

First — That  a  committee  of  three  engineers  be 
appointed  by  the  president  to  report  at  the  next  annual 
meeting  on  the  development  of  the  steam  turbine,  and 
this  committee  further  recommends  that  said  committee 
be  authorized  to  expend  a  sum  not  to  exceed  $i,ooo 
in  the  investigation  of  the  subject. 

Second — We  further  recommend  that  a  committee 
of  three  members  be  appointed  by  the  president  in 
accordance  with  the  following  recommendation  con- 
tained in  the  president's  address  :  **  I  would  recommend 
to  you,  therefore,  the  appointment  of  a  small  com- 
mittee of  forceful  men  to  watch  the  movements  of 
other  kindred  bodies  and  engineering  societies,  to. 
confer  with  them  from  time  to  time  and  to  promote 
a  closer  relationship  with  them,  so  that  their  action 
may  not  be  antagonistic  to  the  members  of  this 
association." 

Third — That  a  committee  of  three  from  various 
portions  of  the  country  l)e  appointed  to  collect  infor- 
mation and  report  to  the  association  at  its  next  meeting. 

The  committee    further  wishes   to  urge    the  contin« 


524 

uance  of  a  progress  editor,  and  other  reports  on 
special  subjects ;  also  the  continuance  of  the  Question 
Box  in  its  present  form,  which  seems  to  fill  all  require- 
ments and  to  result  in  a  saving  of  time  as  against  the 
former  method. 

In  conclusion,  the  opinion  of  the  committee  to 
which  was  referred  the  president's  address  is  that  the 
address  is  of  such  general  interest  that  it  should  be 
printed  in  pamphlet  form  and  distributed  to  the  mem- 
bers of  the  association.  This,  therefore,  your  com- 
mittee would  recommend. 

Respectfully  submitted, 

{Henry  L.  Doherty,- 
Charles  L.  Edgar, 
H.   H.  Fairbanks. 

(On  motion,  the  report  of  the  committee  was  adopted  and 
tlie  special  recommendations  of  the  reports  were  authorized.) 

President  Ferguson  :  Having  finished  everything  planned 
for  the  public  programme,  we  will  resolve  ourselves  into  an 
executive  session. 

(The  meeting  then  adjourned  to  executive  session.) 


EXECUTIVE  SESSION 


President  Ferguson  called  the  session  to  order  at  4.30 
o'clock.  Mr.  Bean,  of  St.  Joseph,  moved  that  the  words  "  and 
of  associate  members  twenty  dollars  "  be  inserted  in  Article  VII 
of  the  Constitution  ;  this  matter  having  been  omitted  from  the 
amendment  to  the  Constitution  adopted  at  Cincinnati.  The 
amendment  was  agreed  to. 


The  report  of   the   secretary  and  treasurer   was   read,    as 
follows  : 

FINANCIAL    REPORT    FOR    YEAR    ENDING   JANUARY   i,    1903. 

RKCEinS 

Active  members'  dues,  1902 $6,185  c» 

Active  members'  dues,  1903 1,040  00 

Associate  members'  dues,  1902 1.280  00 

Sales  Reports,  Twenty-fifth  Convention 200  00 

Sales  badges 1 30  00 

Sales  advertisements  in  Proceedings 8()0  00 

Sales  publications 76  00 

Receipts  account  arc-lamp  fund 972  05 

Total  receipts  during  year $10,773  05 

Balance  from  1901 6,338  47 

$17,111  52 

DISBIRSKMENTS 

Salary  of  secretary  and  treasurer $999  96 

Salary  of  assistant  secretary  and  treasurer 1,500  00 

Office  rent 420  00 

Stenography  and  typewriting 269  15 

Report,  Twenty-fifth  Convention 275  00 

Printing   and  stationery,  including  Proceedings  and 

papers  read  at  Convention 2,600  21 

Postage,  telegrams  and  telephone 805  26 

Traveling  expenses 196  10 

Minor  expenses,  office ^ 85  39 

Badges,  Twenty-fifth  Convention 144  30 

Testimonials 115  00 

Municipal  fund  account 76  10 

Arc-lamp  fund  account 855  00 

Excess  dues  returned  70  00 

Petty  cash  dr.  to  George  F.  Porter,  paid 10  83 

Office  furoiture 1725 

Total  disbursements $^.439  55 
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Balance  in  bank  January  i,  1903 $8,521  7^ 

Balance  in  petty  cash  January  i,  1903 150  23 

•Total  cash  on  hand $8,671  97 

BaJance  on  hand  January  i,   1902 $6,338  47 

Apparent  gain  in  balance  on  hand  during  year $2,333  50 

Deduct  dues  paid  for  1903 1,040  co 

Net  gain  in  balance  on  hand  for  year $i|293  5a 

ASSETS 

Cash  as  per  statement $8,671  97 

•Office  furniture 266  00 

Total $8,937  97 

*  Expenditures  for  1902  not  added,  as  they  are  offset  by  depreciation. 

LIABILITIES 

None 

ARC-LAMP   FUND 

Balance  on  hand  January   i,   i()o2 $33  50 

Received  during  year 972  05 

Total $985  55 

Disbursed  to  committee 855  00 

Balance  on  hand  January   i.  1903 $130  55. 

vu:nicii»al  kini) 

Balance  on  hand  January  i,  1902 $2,848  30 

Receipts  during  year,  none. 

DISKl  RSKMKNTS 

100  copies  Francisco's  book $25  00 

Expenses  J.  B.  Gaboon,  attending  Convention  Ameri- 
can League  of  Municipalities 51   10 

Total   $76  10 

Haliince  on  hand  January  1,   H)03 $2,772  20- 

(On  motion  of   Mr.   Insull  the    report  was  placed  on  file.) 

The  committee  on  nominations  then  presented  the  follow- 
ing recommendations  for  officers  for  the  ensuing  year: 

President,  Charles  L.   Edgar,  Boston. 

First  Vice-President,  S.   B.   Livermore,  Winona,  Minn. 

Second  Vice-President,  John  \V.  Lieb,  Jr.,  New  York. 

Executive  Committee ;  Louis  A.  Ferguson,  Chicago ; 
Harry  Bottomley,  Fall  River,  and  Alexander  Dow,  Detroit. 
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(Mr.  Hewitt  moved  that  the  report  be  accepted  and  the 
secretary  authorized  to  cast  a  vote  of  the  association  for  the 
gentlemen  named.     The  motion'  was  carried. ) 

The  President  :  Professor  Thomson  communicated  a  paper 
to  this  convention,  which  was  not  read,  on  "  The  Development 
of  the  Electric  Power  Plant."  As  he  was  not  here,  I  did  not 
care  to  have  the  paper  read,  because  it  was  a  paper  that 
probably  he  would  not  care  to  have  presented  by  any  one 
else.     It  is  read  by  title.* 

Professor  Clifford  requests  permission  to  read  by  title  a 
paper  entitled,  "A  New  Form  of  Arc-Light  Photometer,"  by 
R.  R.  Lawrence,  for  later  publication.! 

The  installation  of  the  new  officers  being  in  order,  I  will 
ask  Mr.  Bean  and  Mr.  Williams  to  escort  the  newly-elected 
president  to  the  chair. 

(To  President-hlect  Kdgar.)  I  congratulate  you,  Mr.  Edgar, 
and  congratulate  the  association  upon  its  wise  selection  of  a 
president. 

President-Elect  Edgar  :  Gentlemen  of  the  National  Elec- 
tric Light  Association  :  I  thank  you  for  this  honor.  I  recognize 
that  it  is  an  honor  to  be  made  president  of  this  association. 
It  was  my  good  fortune  to  be  vice-president  in  1890.  It  is 
impossible  to  describe  the  difference  between  the  meeting  of 
the  association  in  1890,  at  Cape  May,  and  1903  in  Chicago. 
I  recognize  that  I  have  a  hard  row  to  hoe.  Each  president 
naturally  desires  to  make  his  meeting  somewhat  better  than 
the  previous  one  ;  and  I  know  you  will  all  admit  that  I  shall 
probably  not  make  the  meeting  next  year  anywhere  equal  in 
interest  and  importance  to  that  through  which  we  have  just 
passed.  I  do  not  know  that  I  can  say  a  word  more  to 
emphasize  it  than  that  the  success  of  this  meeting  is  due  to 
Mr.  Ferguson.  We  all  feel  it,  and  we  hope  he  appreciates  the 
fact  that  we  know  he  has,  as  president,  done  more  to  promote 
the  interests  of  the  National  Electric  Light  Association  than 
any  previous  president. 

(On  motion  of  Mr.  Scovil  a  vote  of  thanks  was  passed  to 
the  retiring  president,  Mr.  Ferguson.) 

President  Ferguson  :  Gentlemen,  I  am  much  obliged 
to  you  for  your  vote  of  thanks,  and  I  wish  to  return  to  you 
my  sincere  thanks  for  the  kind  attention  you  have  given   to  the 

*Sce  Appendix  B  for  text  of  paper. 
tSce  Appendix  C  for  text  of  paper. 
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reading  of  papers  presented  at  this  convention,  and  also  for 
the  assistance  you  have  all  afforded  me  during  my  adminis- 
tration as  president. 

President-Elect  Edgar  :  We  will  now  have  the  report  of 
the  committee  on  standard  rules  for  electrical  construction  and 
operation.  Mr.  Ayer,  Captain  Brophy  and  myself  are  members 
of  the  committee.     Mr.  Ayer  will  make  the  report. 


REPORT  OF  THE  COMMITTEE  ON  STAND 
ARD  RULES  FOR  ELECTRICAL  CON 
STRUCTION    AND    OPERATION 


National  Electric  Lia^ht  Association  : 

Gentlemen  :  The  National  Code  of  Rules,  as  you 
understand,  is  promulgated  with  the  approval  of  a 
number  of  engineering  societies.  About  a  year  ago 
the  underwriters  formulated  a  set  of  rules  covering 
the  method  of  constructing  high-tension,  constant- 
potential  lines.  The  object  of  these  rules  was  to 
establish,  in  advance  of  the  development  of  the 
industry  to  any  great  extent,  the  proper  methods  for 
running  transmission  wires  rather  than  distribution 
wires.  The  rules  as  the  underwriters  offered  them 
were  submitted  to  the  committee  of  the  American 
Institute  of  Electrical  Engineers,  who  discussed  them, 
reaching  a  result,  and  they  were  referred  to  the  annual 
meeting  of  the  National  Board  of  Fire  Underwriters' 
inspectors  for  formal  adoption  without  referring  the 
matter  to  the  code  conference.  This  association, 
through  its .  president,  requested  a  postponement  of  one 
year  in  regard  to  the  adoption  of  rules  of  such  impor- 
tance, and  the  action  of  the  institute  in  recommending 
the  rules  was  withdrawn.  The  underwriters  allowed 
the  matter  to  go  over  for  a  short  time,  and  appointed 
a  meeting  in  Boston  in  January  last,  when  the  repre- 
sentatives of  this  association  could  be  heard.  At  that 
meeting,  the  committee  with  your  president  and  mem- 
bers of  the   executive   committee   called    the    attention 
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of  the  underwriters  to"  the  fact  that  the  rules  were  of 
such  unusual  importance  that  they  should  not  be  con- 
sidered  as  minor  changes,  but  should  be  referred  to 
the  conference  committee,  composed  of  representatives 
of  the  various  national  organizations.  This  was  agreed 
to,  but  at  the  same  time  occasion  was  taken  at  the 
meeting  in  Boston  to  discuss  these  rules  and  modify 
them  somewhat.  The  rules  were  printed  in  their 
modified  shape  and  copies  sent  to  the  members  of  the 
various  institutions,  and  another  meeting  was  held  in 
March.  Your  president  and  some  members  of  the 
executive  committee  were  present  at  that  meeting. 
We  gained  a  good  many  points,  and  I  believe  the 
rules  that  the  underwriters  finally  agreed  to,  with  one 
exception,  all  make  for  good  construction. 

There  is  one  rule  to  which  your  committee  ob- 
jected seriously,  which,  in  discussing  it,  we  called  the 
90-foot  rule,  because  it  says  if  you  approach  nearer 
than  25  feet  to  any  building  in  running  a  line  along 
a  street  the  wires  must  go  above  the  cornice  of  the 
building  so  as  not  to  be  a  menace  to  firemen  in  the 
event  of  fire.  There  arc  conditions  where,  under  such 
a  rule,  you  might  have  to  put  up  90-foot  poles.  The 
underwriters  gave  up  pretty  nearly  cver)^thing  they 
started  out  to  get,  except  the  90-foot  rule.  It  is 
thouirht  tliat  thev  should  not  make  anv  outdoor  rules. 
Of  course,  thev  have  a  right  to  make  any  rules  they 
please,  hut  a  violation  of  them  is  not  a  misdemeanor, 
and  the  only  uenahies  thev  can  attach  is  to  increase 
the  insurance  rates. 

It  is  proper  to  statt*  that  in  the  beginning  of  the 
discussion  with  the  underwriters  it  was  clearlv  stated 
by  Mr.  InTguson  that  we,  as  representatives  of  the 
National  Electric  Light  Association,  had  only  the 
authority  to  confer  with  them,  to  express  our  ideas  as 
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to  what  was  proper,  to  assist  in  getting  the  best  pos- 
sible results,  and  to  bring  the  matter  before  the  associ- 
ation after  our  work  was  done,  but  we  could  not 
obligate  the  association  in  any  manner. 

The  report  of  this  committee  would  have  been 
formulated  in  proper  shape  and  distributed  to  the 
members  before  the  meeting,  but  owing  to  the  delay 
in  determining  the  rules  we  were  unable  to  secure  a 
completed  copy  of  them  until  last  Friday.  The  first 
advance  copies  we  had  were  handed  to  members  of  the 
committee  on  Thursday  and  Friday  of  last  week. 
(Mr.  Ayer  then  read  the  90-foot  rule.) 

The  other  changes  in  the  rules  relate  principally  to 
the  action  of  the  underwriters  with  regard  to  the 
grounding  of  secondaries  or  neutral  wires  in  the  event 
of  the  use  of  the  three-wire  system.  Heretofore  they 
have  refused  to  take  any  action.  They  do  not  now 
object,  but  they  permit  it  to  be  done,  leaving  it  op- 
tional with  the  companies  as  to  whether  or  not  they 
will  ground  the  neutral.  At  first  the  underwriters  were 
opposed  to  it,  then  passive  without  action,  permitting 
it  by  inference,  and  now  they  officially  permit  it  to  be 
done. 

Another  of  the  rules  relates  to  signaling  systems ; 
to  the  governing  of  wires  for  telephone,  telegraph, 
district  messenger  call,  police  circuits,  fire  and  burglar 
alarms,  and  similar  systems,  in  that  they  must  not  be 
put  into  the  same  conduits  or  manholes  with  the 
electric-light  wire,  nor  run  on  the  same  poles,  with 
certain  exceptions.  (Mr.  Ayer  then  read  the  rule  in 
question.) 

The  work  has  been  rather  arduous  in  connection 
with  the  rules  this  year.  We  have  done  something  in 
the  way  of  modifying  the  rules.  The  code  confer- 
ence consists   of    nine    national    organizations,  three  of 
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which  are  insurance  bodies ;  they  are  in  the  minority. 
Prior  to  the  establishment  of  a  code  conference  the 
underwriters  made  rules,  and  other  people  made  rules, 
but  the  only  rules  that  annoyed  central-station  men 
were  the  underwriters  rules.  Through  the  work  of 
the  code  conference  we  have  been  able  to  get  a  more 
satisfactory  set  of  rules.  We  are  in  a  position  to  do 
exactly  what  we  did  in  regard  to  the  high-tension 
wires ;  we  were  able  to  take  rules  that  were  prohibitive 
in  many  ways  and  put  them  into  such  shape  that  I 
am  ready  to  say  they  stand  for  first-class  construction 
and  proper  rules,  with  the  exception  of  the  90-foot 
rule.  We  shall  always  be  able  to  secure  much  more 
harmonious  action,  and  action  that  will  result  to  the 
benefit  of  all  concerned,  by  continuing  to  co-operate 
with  this  conference  committee  on  standard  rules. 

Respectfully  submitted, 

i  William    Brophy,  Chairman, 
Committee,  -<  Jamks   I.  Avkk, 

(  Chaklks  L.   Edgar. 

Mr.  Scovil  offered  the  following  resolution  : 

'*^  Resolved — i.  That  a  vote  of  thanks  be  tendered  the  com- 
mittee for  its  diplomatic  and  effective  efforts  to  secure  a  reason- 
able and  practical  set  of  rules. 

'*  2.  That  the  association  expresses  its  appreciation  of  the 
importance  of  co-operation  with  the  National  Board  of  Fire 
Underwriters  in  work  where  mutual  interests  are  involved,  and 
that  it  recognizes  the  value  of  the  results  obtained  since  there 
has  been  such  co-operation. 

"3.  That  a  set  of  the  rules  and  the  report  of  the  committee 
be  printed  and  sent  to  each  active  member  of  this  association, 
and  that  action  on  said  committee  report  be  deferred  until  the 
next  regular  meeting  of  the  association. 

"4.  That  any  change  in  the  personnel  of  the  committee  for 
the  Coming  year  be  referred  to  the  incoming  president  for  such 
action  as  he  mav  deem  desirable." 
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(The  resolution  was  unanimously  adopted.) 

Mr.  Scovil  then  offered  the  following  resolution  : 

**  Resolved^  That  the  proper  officers  of  this  association^ 
suggest  to  the  National  Underwriters'  Association  that  they 
would  consider  it  a  compliment  if  the  underwriters  could  see 
their  way  clear  to  include  the  cost  of  electrical  inspection  in  the 
insurance  rates." 

(The  resolution  was  adopted.) 

President  Edgar  :  Under  the  constitution  it  is  the 
province  of  the  president  to  appoint  a  secretary  and  treasurer, 
subject  to  the  approval  of  executive  committee.  I  have  in  mind 
to  make  a  somewhat  radical  change  the  coming  year.  In  past 
years  there  has  been  an  active  secretary  under  salary,  and  an 
active  assistant  secretary  under  salary.  I  desire  this  year  to 
appoint  a  gentleman  as  secretary  and  treasurer  who  will  take  it 
as  an  honorary  position,  leaving  the  work  and  the  compensation 
to  be  given  entirely  to  the  assistant  secretary,  and,  subject  to 
the  approval  of  the  executive  committee,  I  am  intending  to 
appoint  Mr.  Ernest  H.  Davis,  of  Williamsport,  Pa.,  as  honorary 
secretary  and  treasurer,  to  serve  without  salary.  I  am  assured 
that  he  is  willing  to  accept  the  position,  but  will  accept  it  only 
on  the  terms  that  he  is  not  to  be  paid  for  doing  so. 

Mr.  Insull  :  In  order  that  there  may  be  no  embarrassment 
and  no  reflection  on  the  president  who  may  follow  Mr.  Edgar,  I 
wish  to  give  notice  that  at  the  next  regular  meeting  of  the 
association  1  propose  to  change  the  by-laws,  making  the  office 
"  of  secretary-treasurer  an  elective  office  ;  only  the  representative 
of  an  active  member  being  eligible  to  the  office.  I  give  this 
notice  because  1  have  served  on  a  number  of  nominating  com 
mittees  and  it  is  a  source  of  great  embarrassment  to  distribute 
our  honors  around  ;  I  think  the  office  of  secretary-treasurer 
should  be  an  honorary  position,  and  I  think  the  election  should 
come  from  the  members  of  the*  association  and  the  position 
be  accepted  by  the  gentleman  elected. 

Mr.  Ayer  :  Mr.  President,  at  the  last  annual  meeting 
of  the  Association,  I  moved  a  resolution  that  we  meet  in  St. 
Louis  in  1904.  Certain  difficulties  have  arisen.  The  Kx[)osition 
opens  in  May  and  it  is  likely  to  be  in  a  chaotic  state  and  not  a 
proper  time  for  our  meeting.  The  further  objection  is  raised 
that  meeting  at  a  place  where  there  is  an  exposition  would 
interfere  with  the  continued  good  work  of  the  association  ;  we 
could  not  concentrate  our  attention  upon   our   business   as  we 
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lion,  but  you  would  have  all  ihe  foreign  papers  as  well,  so  that 
the  National  Electric  Liglit  Association  and  the  Association  of 
Edison  Illuniinating  Companies  would  be  beneliied  lliruugh 
the  papers  turned  over  to  them.  This  is  entirely  a  different 
proposition  from  trying  to  get  two  conventions  in  one  year. 

Mr.  C.  F,  Hewitt  :  That  does  not  eliminate  the  fact  that  you 
will  virtually  have  two  conventions  and  two  expense  accounts  for 
the  members  to  meet  in  attending  ihem,  and  1  am  very  much 
afraid  there  are  a  number  of  small  companies  that  can  not 
afford  to  send  delegales  to  two  meetings  in  a  year.  I  represent 
a  small  company  and  do  not  think  our  directors  would  feel 
disposed  to  pay  my  expenses  to  two  conventions. 

Mr.  Tnsijll  ;  I  propose  an  amendment  to  Mr,  Ayer's 
resolution  ;  that  we  first  vote  on  the  first  portion  o(  his 
resolution,  referring  to  the  regular  annual  convention  of  the 
association  next  May.  Alter  that  resolution  is  voted  on,  if  it 
is  passed,  I  will  propose  another  resolution  :  that  we  recom- 
mend to  the  next  convention  of  the  association  that  it  take 
part  in  a  meeting  with  kindred  organizations  in  St.  Louis  next 
September. 

(Mr.  Scovil  seconded  the  motion.) 

Mr.  W.  Worth  Bean  (St.  Joseph,  Mich):  While  we  must 
not  lose  sight  of  the  point  of  attending  to  our  business 
properly  in  May  or  June,  and  of  having  a  good  convention 
qt  that  time,  we  must  not  forget  that  we  are  under  some 
obligation  to  go  to  St.  Louis. 

Mr.  Avkr  :  Before  you  vote  on  the  amendment,  it  is 
pertinent  to  say  that  if  we  do  not  lake  some  definite  action 
now.  Professor  Goldsborough  can  arrange  no  programme  for 
us  to  carry  out  in  joint  meeting,  for  the  reason  that  our  action 
would  be  taken  in  May  next,  after  their  work  was  done  and  the 
machine  was  moving.  This  matter  must  be  decided  now,  if  at 
all.  They  have  offered  us  a  considerable  honor  in  expressing 
their  intention  of  delegating  to  us  the  care  of  the  foreign 
papers  relating  to  the  industry  in  which  we  are  engaged.  II 
we  refuse  that  honor,  and  decline  it  because  it  is  impracticable 
for  some  men  to  come  to  two  meetings,  or  some  constderabls 
element  of  the  members  to  come  to  two  meetings  in  one  year, 
and  they  do  not  know  which  one  they  want  to  come  to— if  we 
are  going  to  decline  this  dignity  because  of  any  such  raasons, 
then  we  want  to  vote  as  suggested  in  the  last  motipn,  to  dffCF 
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the  matter ;  but  I  would  much  prefer  to  decline  the  honor  if 
that  is  our  attitude. 

Mr.  Insull  :  My  motion  refers  solely  to  the  holding  of  the 
next  annual  convention  in  May.  If  that  motion  is  carried  I 
will  make  another  motion,  after  the  explanation  given  by  Mr. 
Ayer,  that  the  association  accept  an  invitation  to  take  part  in  a 
joint  conference  at  the  St.  Louis  Exposition  next  September. 

(Mr.  Insull's  motion  was  carried.) 

Mr.  Insull  :  I  make  this  motion  :  That  this  association 
accept  the  invitation  of  the  representatives  of  the  St.  Louis 
Exposition  to  take  part  in  a  special  conference  of  electrical 
organizations  in  St.  Louis  in  September,  1904.  In  making  this 
motion  I  wish  to  remind  you  that  1904  will  be  the  twenty-fifth 
anniversary  of  the  introduction  of  one  branch  of  our  business, 
namely,  incandescent  lighting.  It  has  been  broached  during 
this  meeting  that  an  effort  should  be  made  to  contribute  to  the 
St.  Louis  Exposition  an  historical  exhibit  of  the  art,  showing 
the  growth  of  the  industry  from  its  inception;  and  I  think  it 
is  very  proper  that  we  should  take  part  in  any  conference  that 
may  take  place  at  that  time. 

(The  motion  was  carried.) 

President  Edgar  :  I  think  I  should  like  to  say,  for  the 
information  of  the  members  of  the  association,  that,  represent- 
ing the  electrical  interests  of  Boston,  I  am  proposing  to  ask  the 
convention  to  meet  in  Boston  next  year.  That  is  a  matter 
which  is  to  be  settled  by  the  executive  committee. 

A  meeting  of  the  executive  committee,  made  up  of  the 
members  present  in  the  meeting-room,  was  held,  and  it  was 
decided  to  have  the  next  convention  in  Boston. 

Mr.  Bowen  called  the  attention  of  the  members  to  the 
great  necessity  which  existed  for  the  adoption  of  a  uniform  size 
for  catalogues,  reports,  etc.,  issued  by  those  engaged  'in  the 
electrical  industries,  and  stated  that  one  of  the  large  manufac- 
turing companies  had  on  file  in  its  office  1,678  catalogues,  and 
among  these  were  653  different  sizes. 

Mr.  Ferguson  moved  that  the  question  of  standardizing 
catalogues,  reports,  etc.,  as  to  their  size,  be  referred  to  the 
president  for  such  action  as  he  may  deem  desirable. 

Mr.  J.  G.  White  moved  that  the  thanks  of  the  association 
be  tendered  to  the  electrical  interests  of  Chicago,  particularly 
the  officials  of  the  Chicago  Edison  Company,  for  the  informa- 
tiooy  assistance  and  attention  given  and  rendered  by  them  to 
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the  delegates  to  the  convention,  and  that  the  secretary  send  a 
copy  of  this  resolution  to  the  chairman  of  the  entertainment 
committee. 

(The  motion  was  carried.) 

The  convention  then  adjourned. 
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Decorative  and  Sign  Lighting 


Ka  *mH  F.  electric  light,  depending  in  no   measure  on   a 
fixed     position,   unable   to  communicate  lire,'-'' 


^^^H  ^^^^B  and  self-protected  from  the  elements,  offers 
^^^^h^^^^l  unrivaled  and  heretofore  unattainable  advant- 
^^^^H^^I^^H      ages   tor  the  purposes  suggested  in  the  title  of 

^^^^K^^^^l  One  method  of  utilizing  these  advantages 

^^^H  ^^^^H      permits  the  lamps  to  be  concealed,  and  light  to 
be  obtained     by    reflection.      Illustrations  are 
found  in  the   lighting  of  a   room  from  behind 
the  cornices;  of  a  window  or  show  case,  (the 
latter  constructed  wholly  of  plate  glass  or  hav- 
ing a  glass  front)  with  the  lamps  concealed  be- 
hind metallic    reflectors;  of  an    art  gallery  in  which  the 
lamps  are  held  and  all  but  concealed  in  semi-circular  re- 
flectors,  suspended   from   the  ceiling,  projecting     light     to 
the  pictures  on  the  wall;   or  here   the   lamps  may  be  placed 
on   the  larger  frames   of   the  pictures  themselves  and   the 
source  of  light  entirely  hidden. 

The  incandescent  lamp  permits  the  elimination  of  the 
conventional  fixture  creations  of  various  orders  and  mate- 
rials with  which  we  have  become  familiar  from  infancy. 
Well  designed  fixtures  have  uses  hut  not  as  often  as  is 
supposed.  One  suggestion  is  found  in  church  or  audito- 
rium lighting  in  the  substitution  ot  an  artistic,  almost  invis- 
ible, metal  band  carrying  the  requisite  number  of  lamps, 
around  the  upper  part  of  the  supporting  columns  at  or  near 
the  capitals,  or   following   the   lines   of  arches,  windows   or 
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decorations.  The  removal  of  all  fixtures  oftentimes  results 
in  better  acoustics,  augmenK  to  the  fullest  extent  the  sug- 
gestion of  size,  and  subordinates  everything  to  the  architect- 
ural design  of  the  edifice. 

These  suggestions  relate  to  r.scessary  illumination 
made  artistic — artistic  because  nothing  is  in  evidence  but 
the  illumination.  Decorative  lighting  is  something  else. 
Here  the  incandescent  lamp  has  the  best  chance  to  show 
off  because  it  alone  of  all  possesses  the  quality  of  availabil- 
ity. No  other  lamp  is  possible  for  the  illuminated  fountain 
now  used  indoors  as  well  as  out ;  for  the  tiny  lights 
amongst  flowers  and  smilax  on  the  table.  In  bridal  decora- 
tions, or  for  some  great  festival  or  other  occasion. 

It  has  been  the  custom  on  fete  davs  to  mark  the  out- 
lines of  the  public  buildings  ot  Paris  with  myriads  of  gas 
jets  but  their  use  is  confined  to  good  weather  and  even 
then  the  effect  cannot  be  said  to  compare  with  that,  in 
white  or  colors,  produced  frequently  on  our  own  public 
buildings,  with  incandescent  lamps.  Picture  the  wonderful 
scenic  effects  accomplished  in  the  illumination  of  the  Pan- 
American  buildings,  the  thousands  of  incandescent  lamps 
first  appearing  at  twilight  with  the  slight  heat  discoloration 
of  the  filament  and  gradually  increasing  until  the  brilliancy 
of  their  full  candle-power  was  reached.  And  with  that 
incomparable  scene  consider  the  tameness  of  the  effects 
produced  at  the  Glasgow  and  Berlin  exhibitions  of  the 
same  vear  where  the  use  of  electricity  was  confined  to  a  few 
exhibits  and  to  still  fewer  electric  signs. 

The  electric  light,  in  its  application  fo  signs,  serves 
possibly  a  more  utilitarian  purpose,  but  not  necessarily  one 
that  is  entirely  inartistic.  Those  who  have  stood  on  the 
river  embankment  at  London  and  there  seen  across  the 
Thames  a  simple  sign  of  immense  proportions  spelling  in 
colors  a  single  word,  may  have  thought  the  view,  in  its 
many    repetitions,  monotonous,  yet,  shining  alone  in  the 
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darkness,  it  gave  that  entire  section  of  the  city  an  appear- 
ance of  life  that  could  not  be  otherwise  obtained.  Where 
is  such  another  sight  to  be  found  as  the  vistas  on  our  New 
York  Broadway,  looking  in  almost  any  direction  in  the 
evening  hours,  unless  perchance  in  some  of  our  other  great 
electrical  centers — Boston,  Chicago,  Philadelphia.  The 
picture  is  artistic  and  interesting  on  a  clear  night,  but  in 
mist  or  rain  all  is  greatly  enhanced.  These  signs  serve 
important  commercial  purposes;  some,  taken  singly,  may 
be  anything  but  well  designed  or  artistic,  but  taken  alto- 
gether they  give  to  the  thoroughfare  a  wonderfully  high 
degree  of  attractiveness. 

Signs  not  only  spell  words,  names  or  sentences,  but 
serve  the  further  purpose  of  illuminating  the  premises  and 
the  street,  thereby  giving  a  double  value.  The  first  is 
advertising,  the  second  light;  both  are  desirable,  each  has  a 
definite  commercial  value,  one  is  a  necessity  and  in  some 
form  must  be  had  at  any  price. 

These  features,  beyond  the  mere  giving  cf  light,  can 
be  made  of  enormous  commercial  value  in  the  electrical 
industry.  One  may  not  always  find  sufficient  incentive  to 
adopt  electric  light  simply  because  of  the  difference  in  the 
quality  of  the  light,  but,  adding  convenience  and  cleanliness, 
features  upon  which  I  have  not  touched,  and  the  further 
quality  of  artistic  arrangement,  alone  or  in  conjunction  with 
existing  conditions,  we  have  a  combination  that  for  health, 
comfort  and  satisfaction  in  living  can  hardly  be  equalled, 
much  less  surpassed.  Decorative  lighting,  purely  as  such, 
is  seldom  remunerative,  but  it  offers  one  of  the  best  sugges- 
tions of  the  many  uses  of  electric  service  and  has  probably 
never  been  undertaken  on  any  large  scale,  and  artistically, 
without  starting  a  great  many  lines  of  thought  to  the  bene- 
fit of  the  supplying  company.  I\lcctric  signs  not  only 
advertise  their  user,  but,  in  the  best  sense,  themselves. 
The   installation    of  one    sign    on    a  dark   block  will  lead 
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the  naw  buildfnK  ot  Tbe  New  York  Yai 


)  more  signs  or  to  better  show  windows 

and  interior  illumination.  All  of  which  is  advertising — 
not  lighting — primarily,  and  the  lighting,  being  additional, 
practically  doubles  the  normal  revenues. 

It  is  not  the  intent  of  this  article  to  do  more  than 
suggest  some  of  these  possibilities,  and  the  use  of  diagrams 
and  figures  has  been  intentionally  avoided,  but  the  annual 
revenue,  which  may  be  obtained  from  a  single  sign,  if 
figured  out,  would  probably  cause  surprise  to  a  number  of 
our  members. 

It  would  be  tedious  to  our  members  were  a  techni- 
cal description  of  the  illustrations  of  this  report  attempted. 
The  methods  will  be  clearlv  evident  to  the  technicallv  in- 
formed, the  use  of  a  magnifying  glass  often  assisting  in  ob- 
taining the  details.  So  far  as  possible,  the  notes  contain 
our  acknowledgments  to  those  who  have  kindly  loaned 
photographs  and  furnished  information  upon  the  subjects 
considered. 


About  Lamps 

For  sign  illumination  originally,  plain  or  frosted  lamps 
of  1 6  candles  were  largely  used — but  as  the  "use  factor," 
if  I  may  employ  the  term,  averages  loo^,  and  is  of  long 
duration,  the  cost  of  electric  current  limited,  and  in  many 
instances  entirely  prevented,  the  use  of  signs  of  this  type. 
There  was  no  necessity  for  light  units  of  that  size  and  the 
practice  soon  changed  to  the  general  use  of  8  candle  lamps, 
and  now  even  smaller  sizes,  such  as  4,  5  and  6  candles  are 
widely  employed.  Lamps  of  high  efficiency,  j.i  watts  per 
candle,  are  satisfactory  for  the  larger  sizes  but  it  is  desir- 
able, if  not  necessary,  to  lower  the  efficiency,  and  thus 
increase  the  durability,  to  ,3.5,  4  or  5  watts  per  candle  where 
the  smaller  lamps  are  used. 

Lamps  of  16  candles  consume  approximately  50  watts; 
ot  8  candles,  _^o  wafts  and  of  4  candies,  such  as  are  recom- 
mended where  8  candles  are  not  used,  20  watts.  Were  the 
life  of  each  the  same  (the  Company  making  the  renewals) 
the  renewal  costs  a  kilowatt  hour  would  almost  double  with 
lamps  of  8  candles  and  become  nearly  three  times  with  the 
4  candle  standard.  In  changing  to  the  lower  efficiencies, 
with  corresponding  increase  in  life,  the  Supplying  Company 
obtains  closely  an  even  cost  for  lamp  renewals,  at  any  candle- 
power,  and  the  lessened  breakage  rate  means  that  fewer 
lamps  are  out  ot  service  simultaneously,  and  therefore  is 
obtained  a  higher  average  or  more  even  character  of  illum- 
ination throughout  the  sign. 

Miniature  lamps  li:nd  themselves  especially  well  to 
artistic  sign  lighting,  but  first  and  renewal  cost  is  high,  and 
they  are  very  much  less  efficient  in  the  use  of  current  than 
lamps  made  with  standard  filaments.  Variation  from 
standard  sizes  in  filaments,  as  well  as  in  bases,  and  the  fre- 
quent use  of  several  lamps  in  series,  make  it  necessary  for 
either  the  supplying  Company  to  carry  a  special  stock,  or 
for  the  consumer  lo  carry  a  larger  stock  than  he  would^ 
could  he  obtain  these  lamps  directly  from  the  supplying 


Company.  It  is  questionable  whether  these  differences 
justify  the  use  of  miniature  lamps  under  other  than  un- 
usual conditions. 

What  is  said  of  signs  is  also  true  in  large  measure  of 
decorative  hghting,  more  especially  where  that  lighting  is 
permanent.  Almost  without  exception  4  and  S  candle 
lamps  are  sufficient,  the  larger  sizes  being  required  only 
where  illumination  is  the  primary  or  at  least  an  important 
consideration. 
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APPENDIX  B 


THE   DEVELOPMENT  OF  ELECTRIC  STATION 

POWER   PLANT 


BY    ELIHU   THOMPSON 


Twenty-five  years  ago  the  electric  station  had  its  beginning. 
In  1878  a  number  of  dynamos  of  the  alternating  type  were  belted 
to  steam  engines  and  used  for  lighting  the  Place  de  I'Opera  and 
Rue  de  I'Opera  in  Paris.  The  practice  of  belt  driving,  in  which 
the  dynamo  speed  is  much  higher  than  the  engine  speed,  was 
well-nigh  universal  for  a  period  of  10  to  15  years  thereafter. 
The  earliest  machines,  which  were  direct-connected  to  the  engine 
without  belting,  were  probably  the  Edison  Jumbo  dynamo  and 
the  Gordon  alternator,  both  of  which  were  brought  out  in  1883. 
The  machines  up  to  that  time  were  of  very  limited  capacity.  A 
dynamo  that  would  use  25  to  50  horse-power  to  drive  it  was  one 
of  large  output. 

The  movement  toward  direct  connections  was  simultaneous 
with  a  great  increase  of  capacity  over  the  then  existing  machines. 
The  Edison  Jumbo  was  a  direct-current,  constant-potential 
dynamo  of  about  1,200  i6-cp  incandescent  capacity,  or 
about  100  kilowatts  in  output ;  small  enough,  it  is  true,  as 
compared  with  our  present  standards.  The  Gordon  alternator 
was  a  revolving-field  machine,  the  field  being  about  eight  feet  in 
diameter,  revolved  by  the  engine  direct  (and  forming  a  flywheel 
for  the  same)  at  a  speed  of  from  140  to  180  revolutions  per  min- 
ute, the  periodicity  being  about  45  cycles.  Its  capacity  was 
about  5,000  incandescent  lights,  or,  roughly,  350  kilowatts  out- 
put. These  were  very  large  machines  in  their  day.  The  Edison 
Jumbo  weighed  25  tons  and  the  Gordon  alternator  22  tons.  It 
is  interesting  to  note  that  the  Armington  and  Sims  engine  that 
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drove  the  Edison  Jumbo  was  specially  designed  to  secure  rela- 
tively high  speed,  so  as  to  meet,  as  far  as  possible,  the  dynamo 
conditions.  Later  on,  these  same  high-speed  engines  were 
extensively  employed  in  electric  stations,  belted  to  dynamos 
running  from  600  to  1,500  revolutions  p6r  minute,  and  employed 
for  incandescent  or  arc  lighting  in  small  units.  The  example  of 
direct  connection  gradually  spread,  and  the  direct-connected 
electric  plant  has  at  last  almost  entirely  displaced  belt-driven 
machines. 

The  growth  was  rather  slow,  and  less  rapid  in  the  United 
States  than  in  Europe.  There  was,  of  course,  much  work  to  be 
done  in  perfecting  details,  and  the  substitution  of  the  large 
direct-connected  unit  for  belt-driven  types  may  have  been 
retarded  by  the  exceedingly  rapid  development  in  various  elec- 
trical fields.  The  replacement  came  about  partly  on  account  of 
the  increasing  output,  not  only  of  the  stations  but  of  the  units 
themselves — up  to  5,000  or  6,000  kilowatts  each  in  some  of  the 
large  generating  stations  to-day.  As  the  size  of  the  unit  in- 
creased, the  speed,  of  necessity,  came  down  to  accommodate  the 
heavy  reciprocating  steam  engines  employed.  This,  however, 
so  far  as  the  dynamo  was  concerned,  was  only  to  be  accomplished 
by  the  use  of  very  massive  machines.  The  dynamo  machine 
and  other  electric  machines  are  essentially  high-speed  machines, 
and  any  straining  for  low  speed  must  always  be  paid  for  in 
excess  of  material  or  diminished  efficiency,  or  both.  Neverthe- 
less, the  direct-connected,  slow-speed  machine  of  sufficiently 
large  capacity  has  proven  itself  very  satisfactory  in  practice, 
and  has  become  almost  universal. 

Still,  engineers  have  not  been  content,  and  it  seems  as  if  we 
were  on  the  eve  of  another  decided  change.  In  some  cases  in 
cities  the  vibrations  caused  by  reciprocating  engines  have  in  fact 
forced  a  change  in  the  character  of  the  motive-power  machines. 
Instead  of  bringing  down  the  dynamo  to  steam-engine  condi- 
tions, we  now  bring  the  steam  engine  to  dynamo  conditions  by 
changing  the  type  of  engine  employed.  In  fact,  the  new  prob- 
lem was  to  bring  down  the  turbine  engine,  with  the  excessive 
speed  required  for  economy  of  steam,  to  such  speeds  as  were 
within  the  range  of  feasible  dynamo  construction.  It  is  now 
about  12  to  15  years  since  the  Parsons  turbine  was  applied  to 
drive  direct-connected  dynamos  of  small  capacity.  The  earliest 
of  these  ran  at  about  10,000  turns  per  minute,  and  really  pre- 
sented the  difficulty  that  the  speed  was  far  in  excess  of  reason- 


able  dynamo  speeds.  The  thing  had,  in  fact,  been  overdone. 
Growth  in  size  of  units  and  perfection  of  design  allowed  the 
speeds  to  be  lowered  to  about  3,000  turns  in  moderately  sized 
units,  and  still  lower  in  the  largest  units,  thus  adapting  the 
speed  to  a  proper  proportioning  of  dynamos.  The  lower  limit 
of  speed  depends  on  the  size  or  capacity  of  the  turbine  engine, 
but  it  will  probably  not  go  much  below  500  turns  per  minute, 
even  in  the  largest  units. 

In  the  DeLaval  turbine,  the  construction  is  such  that  rea- 
sonable speeds  for  dynamo  work  are  only  to  be  obtained  by  a 
remarkable  development  of  reducing  gear.  In  such  a  case  the 
plant  becomes  no  longer  direct-connected.  While  in  the  Par- 
sons form  of  turbine  the  steam  entering  at  one  end  over  the 
whole  wheel  and  passing  in  succession  sets  of  vanes  carried 
thereby  and  stationary  vanes  or  guides  alternating  therewith, 
progressively  expands  until  it  reaches  the  exhaust  end  ;  in  the 
DeLaval  the  expansion  takes  place  in  a  nozzle  or  set  of  nozzles 
directed  against  the  vanes  of  a  portion  of  the  periphery  of 
the  vane-carrying  disc.  The  form  of  jet  or  nozzle  is  flaring 
toward  the  wheel,  and  the  conversion  of  the  kinetic  energy  of 
the  steam  into  motion  in  one  direction  takes  place  in  the 
expanding  nozzle  itself  and  the  fall  of  temperature  and  pres- 
sure therefore  occurs  largely  before  the  steam  reaches  the  wheel, 
which  itself  revolves  in  a  fairly  good  vacuum  provided  by  the 
condenser.  In  the  lately  developed  form  of  turbine,  due  to  Mr. 
Curtis,  the  work  of  the  steam  is  divided  into  distinct  stages, 
part  of  the  expansion  taking  place  definitely  in  each  stage,  and 
part  only  of  the  periphery  of  the  wheels  being  acted  on  by  the 
jets  or  by  steam  passing  the  intermediate  guides.  The  action 
of  compounding  is  somewhat  analogous  to  that  in  a  compound 
engine  in  which  the  turbine  wheels  of  the  successive  stages  are 
taken  to  represent  the  succession  from  the  high  pressure  to  the 
lowest  pressure  cylinders. 

The  turbine  engine  is  essentially  a  machine  whose  efficiency 
depends  in  large  measure  upon  its  exhausting  into  a  vacuum. 
The  condenser  is  therefore  a  very  important  auxiliary. 

In  the  Curtis  turbine,  the  ability  to  secure  relatively  low 
speeds  is  shared  with  the  Parsons  form,  and  the  ability  to 
govern  output  by  increase  or  decrease  of  steam  entering  the 
nozzles  is  shared  with  the  DeLaval  form.  This  latter  featuVe 
is  valuable  in  governing  and  in  meeting  overload  conditions. 
The  present  intention,  however,  is  not  to  go  into  the  details  of 


turbine  construction.  It  is  rather  to  point  out  and  emphasize 
the  apparent  fact  that  the  low-speed,  direct-connected  unit — 
the  huge  generating  plant  of  to-day — must  probably  eventually 
yield  to  the  much  smaller  relatively  high-speed,  and  less  costly^ 
turbine-driven  plant.  While,  perhaps,  there  will  be  little  if  any 
gain  in  steam  economy  at  full  load,  the  turbine  has  the  decided 
advantage  that  the  efficiency  curve  holds  up  for  partial  loads^ 
even  far  below  half-load,  particularly  when  the  governing  is 
accomplished  as  above  indicated.  This  valuable  feature  is,  as 
is  well  known,  entirely  absent  in  the  compound  engine  of  ordi- 
nary type,  the  efficiency  curve  falling  off  very  rapidly  with 
decrease  of  load  to  a  point  which  soon  neutralizes  all  the 
advantage  of  compounding.  The  turbine  is  essentially  a  high- 
speed rotary  engine,  an  ideal  for  electric  machinery,  with  sim- 
ple bearings,  constant  angular  velocity,  high  light-load  efficiency 
and  light  weight.  It  is  particularly  adapted  to  the  large  units 
now  in  use  so  extensively.  The  turbine  seems  destined  to  play 
a  large  part  in  the  future  development  of  the  electric  power  and 
lighting  station.  While  it  does  not  promise  great  gain  in  steam 
economy  under  full  load,  as  compared  with  the  reciprocating 
types,  the  average  result  where  load  changes  are  taking  place 
will  doubtless  be  that  a  much  better  economy  is  obtained.  The 
gains  in  original  outlay  in  space  taken  up  and  in  maintenance 
costs  seem  to  be  so  considerable  as  to  be  decisive  as  to  its 
adoption. 

Looking  still  further  ahead,  can  we  be  assured  that  it  is  the 
ultimate  step  ?  Laying  aside,  as  improbable,  the  direct  conver- 
sion of  the  energy  of  fuel  into  electric  energy,  inasmuch  as  we 
see  no  promising  signs  of  its  possibility,  and  considering  the 
fact  that  the  cost  of  fuel  will  probably  advance  steadily  as  our 
near-the-surface  coal  supplies  are  worked  out,  it  would  seem 
that  we  must  perforce  at  last  turn  to  those  forms  of  prime 
movers  that  have  inherent  possibilities  of  developing  much 
higher  efficiencies  in  the  use  of  fuel  than  are  existent  in  the 
steam  engine.  Even  at  the  present  day  in  certain  relatively 
very  small  units,  the  internal-combustion  engine,  such  as  the 
gas  or  oil  engine,  has  shown  efficiencies  nearly  double  that  of 
the  best  steam-engine  plant  and  the  partial-load  efficiency  is 
also  satisfactory.  There  can  also  be  no  question  that  the 
iriternal  combustion  engine  is  susceptible  of  improvement,  such 
that  in  large  units  the  present  attained  efficiency  will  be  far 
surpassed.     It  seems  even   probable  that  an  efficiency  of  heat 


conversion  up  to  between  40  and  50  per  cent  will  some  day  be 
practicable,  a  result  about  three  times  better  than  is  attained 
with  steam.  The  engines  that  would  be  used  would  naturally 
be  of  large  reciprocating  type  and  comparatively  slow  speed, 
unless  some  form  of  gas  turbine  be  developed,  a  matter  upon 
which  serious  doubts  may  be  expressed. 

What  is  meant  by  a  gas  turbine,  is  a  turbine  driven  by  gas 
expanding  from  a  chamber  in  which  the  gas  is  burned  at  high 
pressure  and  temperature  with  the  requisite  amount  of  air. 
Such  a  machine  demands  the  pumping^  of  the  air  and  gas  prior 
to  their  combustion.  The  waste  gases  are,  of  course,  incapable 
of  condensation  in  a  condenser.  The  problems  involved  in  a 
gas  turbine  are,  then,  altogether  different  from  those  of  a  steam- 
turbine  engine,  and  they  are  necessarily  more  difficult  of  solu- 
tion. In  favor  of  the  ordinary  gas  engine  is  the  fact  that  all 
grades  of  fuel  gas  may  be  used  with  almost  equal  facility,  and 
even  the  poor  gas,  of  very  low  calorific  value,  such  as  is  some- 
times a  waste  product  of  blast  furnaces  in  iron  smelting,  may  be 
used.  Coal  dust,  culm,  and  waste  of  mines  of  low  fuel  value 
may  be  made  to  yield  gas  suitable  for  feeding  gas  engines. 
Liquid  fuel,  as  oil  of  various  grades,  is  also  available,  and  engines 
have  been  run,  experimentally  at  least,  by  feeding  them  simply 
with  coal  dust  itself.  The  richest  fuel,  down  to  the  lowest  and 
poorest  grade,  may  therefore  be  employed  directly  or  indirectly 
in  gas-engine  work,  and  a  good  efficiency,  much  exceeding  that 
obtainable  with  any  form  of  steam  engine,  is  even  now  obtain- 
able, although  the  units  are  not  very  large.  Much  remains  to  be 
done,  however,  to  render  the  larger  types  of  gas  engines  equally 
available  with  steam  engines,  and  the  day  of  their  rapid  intro- 
duction is  probably  still  far  enough  away  to  cause  little  need  for 
hesitancy  in  the  adoption  of  turbine  plants  for  electric  stations. 

Where  soft  coal  is  first  converted  into  gas  by  a  gas  producer, 
useful  by-products  may  be  obtained,  which  have  sufficient  value 
to  warrant  their  being  collected  and  sold.  Moreover,  the  gas 
may  be  continuously  produced  and  stored  until  needed.  These 
conditions  are,  of  course,  well  known.  An  advantage  obtained 
from  the  gas  engine,  and  one  that  has  been  frequently  pointed 
out,  is  the  short  time  required  to  get  it  into  work  and  the  equally 
quick  shutting  down  of  running  expense  when  it  is  stopped. 
Provided  only  the  store  of  fuel  is  ready  to  be  drawn  upon,  there 
is  no  expense  for  fuel  except  during  running ;  neglecting,  of 
course,  interest  on  plant.     A  quickly  stopped  and  started  gas- 


engine  plant  can  take  care  of  load  peaks  most  effectively  and 
efficiently.  But  if  the  gas  engine  should  ever  become  a  general 
source  of  power,  what  becomes  of  our  driving  ?  Will  it  be 
brought  again  to  belting  or  some  form  of  gearing  up  for  increase 
of  speed,  or  will  the  heavy  direct-driven  dynamo  ag^in  be  found 
coupled  to  gas  engines  instead  of  reciprocating  steam  engines  ? 

It  is  not  probable  that  large  gas  engines  will  be  run  much 
faster  than  steam  engines  of  equal  power,  so  that  the  queries 
just  propounded  will  need  to  be  answered  by  future  engineering, 
provided  we  are  right  in  assuming  that  the  future  economical 
conversion  of  the  energy  of  fuel  into  power  must  come  through 
improvement  and  increase  of  size  of  gas  engines. 

In  the  considerations  above  advanced,  the  use  of  water- 
power  is  purposely  neglected.  The  amount  of  water-power  that 
can  be  rendered  available  with  economy  is  limited,  and  it  is 
fairly  local  in  spite  of  long-distance  transmission,  while  the  need 
of  electric  generating  stations  will  be  more  extended  and  uni- 
versal as  time  goes  on.  The  heavily  trafficked  trunk-line  rail- 
roads will  need  them,  and  the  replacement  of  small  powers  by 
electric  motors  is  a  future  business,  which  has  only  just  begun, 
according  to  all  present  indications. 


APPENDIX    C 


A    NEW    FORM    OF    PHOTOMETER 


BY    RALPH    R.    LAWRENCE 


The  removal  of  the  department  of  electrical  engineering 
of  the  Massachusetts  Institute  of  Technology  to  its  new  quarters 
in  the  Lowell  Building  necessitated,  among  other  things,  the 
construction  of  new  photometric  rooms  for  arc  and  incandescent 
lights.  In  the  design  of  the  arc-light  photometer  the  aim  was 
to  provide  an  apparatus  by  means  of  which  any  photometric 
or  electrical  measurements  could  be  made  with  ease  and 
accuracy  on  arcs,  or  other  lamps  of  high  candle-power,  which 
of  necessity  must  be  burned  in  an  upright  position.  The 
arrangement  finally  adopted  was  to  keep  the  centre  of  the  arc, 
the  centre  of  the  photometric  screen,  and  the  centre  of  the 
standard,  always  in  the  same  straight  line,  and  by  swinging 
these  about  a  horizonal  axis  directly  under  a  photometric 
screen,  the  arc  always  remaining  in  a  vertical  position,  obtain 
the  intensity  of  the  lamp  to  be  tested  in  a  vertical  plane  at 
any  angle  between  plus  or  minus  90  degrees  with  the 
horizontal.  There  is  nothing  new  in  this  arrangement,  but  it 
is  believed  that  the  photometer  differs  enough  in  actual  con- 
struction from  existing  forms  to  warrant  a  description.  The 
chief  objection  to  be  met  was  the  mechanical  difficulty  of 
providing  ample  space  between  supports  in  which  any  arc  or 
other  lamp,  with  its  attached  shade  or  reflector,  might  swing, 
and  at  the  same  time  keep  the  distance  of  the  photometric 
screen  from  the  observer's  eye  within  moderate  limiis.  The 
distance  between  the  arc  and  the  photometric  screen  was  fixed 
at  ten  feet  and  adjustment  for  equal  illumination  was  made  by 
varying  the  position  of  the  standard. 

Although,  when  comparing  lights  of  different  colors,  consid- 


rotated.  These  two  steel  shafts  are  made  slightly  spherical  on 
the  ends  and  rest  in  roller  bearings  carried  by  castings  bolted 
to  the  main  frame  at  a  distance  of  lo  feet  from  its  shaft.  The 
U-shaped  frame  carries  the  lamp  hung  from  its  top,  as  shown 
in  Figure  2,  while  counter-weights  bolted  to  its  extremities 
serve  to  keep  the  whole  in  an  upright  position.  The  lamp  is 
adjusted  so  that  its  centre  is  in  line  with  the  centre  of  the 
shafts  about  which  the  U  swings.  The  centres  of  these  shafts 
are  placed  seven  inches  above  the  top  of  the  channels,  and  since 
the  axis  of  the  photometer  must  pass  through  a  line  joining 
these,  the  position  of  the  photometric  axis  is  thereby  fixed  at 
seven  inches  above  the  main  frame. 

Four  rails,  made  by  shearing  down  steel  angles  to  one  inch 
on  a  side,  are  fastened  to  the  narrow  part  of  the  main  frame^ 
one  directly  above  and  one  directly  below  each  side  channel. 
The  two  upper  rails  serve  as  guides  for  a  light  carriage,  while  a 
similar  carriage  is  placed  beneath.  Both  carriages  are  attached 
to  a  chain  that  passes  over  small  spur-gears  in  such  a  way  that 
when  the  top  carriage  is  in  one  extreme  position  the  lower  one 
is  in  the  other.  Each  has  a  movement  of  about  six  feet,  which 
is  controlled  by  a  lo-inch  hand-wheel  just  in  front  of  the  axis 
about  which  the  main  frame  swings  and  within  convenient 
reach  of  the  operator.  The  forward  shaft,  over  which  the  chain 
passes,  is  geared  to  the  hand-wheel  in  such  a  way  that  a  quarter 
of  a  revolution  corresponds  to  a  linear  displacement  of  the 
carriages  of  about  five  inches. 

A  tin  box  placed  upon  the  upper  carriage  contains  sockets 
for  three  secondary  incandescent-lamp  standards.  These  sockets 
are  fastened  to  a  135-degree  sector  of  an  aluminum  disc,  so 
pivoted  to  the  bottom  of  the  box  that  any  one  of  the  lamp 
sockets  may  easily  be  swung  into  a  central  position.  The 
sockets  are  provided  with  horizontal  and  vertical  adjustments 
for  centring  the  lamps.  Counter-weights  are  placed  on  the 
lower  carriage  to  balance  the  system. 

To  avoid  any  error  that  mig^ht  result  f ro  n  reflection  from 
the  back  of  the  box,  the  lamps  are  calibrated  in  position.  The 
inside  of  the  box  is  thoroughly  blackened. 

The  photometric  screen  is  placed  directly  over  the  axis  of 
the  main  frame,  and  the  position  of  the  lamps  relative  to  this  is 
read  ofif  on  a  Chesterman  tape,  one  end  of  which  is  fastened  to 
the  tin  box.  This  tape  also  gives  readings  directly  in  ratios. 
As  the  box  is  moved  in  adjusting  for  equality  of  illumination  on 


ihe  screen,  the   tape  winds  or   unwinds  on  a  small  drum   below, 
but   slightly    in   front   of,    the   photometric   screen.     A   spring 


Lched  to  the  drum  keeps  the  tape  under  uniform    tension  and 
prerents  sagging. 


J 


The  reference  point  or  index  for  the  scale  is  directly  beneath 
the  screen,  and  is  always  in  front  of  the  observer,  whatever  may 
be  the  position  of  the  main  frame. 

The  adjustment  of  the  photometer  is  made  from  a  small 
balcony  built  about  one  of  the  side  columns  that  support  the 
photometer,  while  the  electrical  measurements  are  thade  at  a 
table  in  another  part  of  the  room.  All  wires  for  current  or 
potential  leave  the  photometer  frame  over  its  axis  and  go  directly 
to  this  table,  where  the  various  potential  leads  may  be  connected 
by  means  of  switches  to  the  voltmeter. 

The  potentials  at  the  arc,  and  the  standards,  are  regulated 
by  variable  carbon  resistances  inserted  in  the  current  mains  for 
the  lamps.  A  loop  is  provided  for  an  ammeter  in  the  circuit  of 
the  arc  lamp. 

The  current  leads  for  the  arc  and  the  standards  are  brought 
out  to  switches  that  may  be  connected  to  any  of  the  various  lab- 
oratory circuits.  The  standard  lamps  are  generally  connected 
to  a  special  constant-potential  source  which  supplies  only  photo- 
metric standards. 

The  photograph  reproduced  on  page  5  gives  a  good  idea 
of  the  general  arrangement  of  the  apparatus. 


APPENDIX  D 


CLUESTION    BOX 


INTRODUCTION 

In  preparing  the  Question  Box,  which  I  have  the  honor  of 
presenting,  it  was  soon  apparent  that  it  was  certain  to  overrun 
the  modest  limits  I  had  anticipated,  and  some  method  of 
abridgment  was  imperatively  necessary.  It  was  therefore  de- 
cided to  omit  such  questions  as  would  require  personal  investi- 
gation to  enable  one  to  make  an  intelligent  answer,  as  well  as 
such  as  are  largely  matters  of  opinion,  and  never  will  be  settled 
conclusively. 

Many  answers  covering  practically  the  same  ground  were 
received,  and  in  such  case  preference  was  given  to  the  earliest, 
the  most  clearly  expressed  and  the  most  comprehensive,  while 
"yes"  or  **no"  answers  were  omitted  in  favor  of  those  giving 
reasons  for  the  opinions  advanced. 

In  deference  to  the  time-honored  custom  of  the  association, 
all  mention  of  names  of  manufacturers,  brands,  trade-marks, 
etc.,  has  been  omitted  wherever  it  was  practicable  to  do  so.  In 
some  cases,  however,  a  strict  application  of  this  rule  would  have 
resulted  in  rendering  otherwise  valuable  contributions  entirely 
meaningless,  and  some  latitude  in  this  respect  has  therefore  been 
considered  necessary. 

I  trust  that,  in  view  of  these  explanations,  no  offence  will  be 
taken  or  disappointment  occasioned  by  such  omissions  and 
changes  as  have  been  made,  although  it  has  resulted  in  the  loss 
of  some  excellent  material  which  might  profitably  be  brought 
up  in  executive  session,  where  every  member  is  privileged  to 
speak  his  mind  freely,  without  let  or  hindrance. 

The  Question  Box  should  be  one  of  the  most  valuable 
features  of  the  convention,  but  only  co-operation  from  all  mem- 
bers can  make  it  so.     Most  station  managers  and  superintend- 


ents  can  ill  afford  the  time  required  to  prepare  an  elaborate 
paper  for  the  convention,  but  there  are  few  indeed  who  can  not 
spare  a  few  minutes  to  dictate  an  answer  to  a  question  which 
they  have  met  and  solved  in  every-day  practice. 

But  the  great  advantage  of  the  Question  Box  is  the  selective 
feature.  Interesting  as  are  the  papers  read  at  the  convention,  it 
frequently  happens  that  one's  own  particular  problem  is  not 
touched  upon  at  all.  We  can  not  all  choose  exactly  what  we 
should  most  like  to  hear  at  the  convention,  but  we  can  and 
should  send  in  such  questions  as  will  bring  out  just  the  informa- 
tion we  need. 

While  much  valuable  data  on  subjects  of  interest  may 
always  be  obtained  from  acquaintances  made  at  conventions,  it 
may  easily  happen  that  one  fails  to  meet  the  very  man  who 
could  best  fill  his  wants.  The  Question  Box  takes  you  to  htm 
without  effort,  without  delay,  and  without  unduly  encroaching 
on  his  time. 

It  will  greatly  enlarge  the  scope  and  value  of  the  Question 
Box  if  each  member  will  jot  down,  from  time  to  time,  such 
knotty  problems  as  he  encounters,  sending  them  to  the  associa- 
tion headquarters  at  once,  where  they  will  be  carefully  filed  for 
use  at  the  next  convention. 

One  of  the  first  circulars  prepared  this  year  requested 
answers  from  all  members  to  the  following  questions  : 

1.  What  is  your  method  of  mapping  pole  lines,  indicating 
the  size  of  wire,  distinguishing  mains  from  feeders,  incandescent 
from  arc  lines,  etc.? 

2.  How  do  you  keep  track  of  the  location  and  sizes  of  your 
various  transformers,  meters,  etc.,  and  the  maximum  active  load 
on  the  same  ? 

3.  What  precautions  do  you  use  in  distributing  free  lamp 
renewals,  to  prevent  consumers  from  selling  or  giving  lamps  to 
dealers,  isolated  plants  or  other  central  stations  ? 

Although  many  replies  of  special  interest  and  value  were 
received,  it  will  be  impossible  to  undertake  more  than  an  outline 
of  the  various  methods  described. 

Mapping  of  Lines 

Many  of  the  smaller  stations  find  no  necessity  for  a  map  of 
any  kind,  as  the  number  of  wires  and  extent  of  the  lines  are  so 
limited  as  to  be  easily  remembered,  but  among  the  larger 
stations  there  are  four  distinct  plans  in  use. 


o 


1.  A  general  map,  in  which  all  circuits  are  indicated  by 
colored  lines  or  symbols.  This  plan  is  subject  to  the  serious 
objection  that  changes  are  difficult  to  make,  and  that,  if  defaced 
or  blotted,  the  entire  map  is  ruined. 

2.  A  general  map,  in  which  circuits  are  indicated  by  colored 
threads  strung  on  pins. 

Both  of  these  plans  have  the  disadvantage  that  the  maps 
are  cumbrous,  complicated,  and  not  easily  duplicated.  Where 
there  is  a  large  number  of  circuits  it  is  difficult,  if  not  impos- 
sible, to  distinguish  them  apart,  much  less  to  include  all  of  the 
information  that  an  arrangement  of  this  kind  might,  and 
should,  show. 

3.  A  card  index  with  a  diagram  of  each  pole  where  a  change 
occurs  is  an  excellent  plan,  and  it  gives  a  good  opportunity  to 
show  sizes  of  wires,  the  relative  position  of  different  phases  or 
polarities,  arrangement  and  location  of  fuse  boxes,  lightning 
arresters,  transformers,  etc.,  while  changes  are  easily  and  quickly 
made  and  readily  verified.  Running  over  such  an  index  is  pre- 
cisely like  following  out  the  pole  line.  It  enables  the  superin- 
tendent to  give  much  more  accurate  and  detailed  instructions  in 
case  of  necessity  than  would  otherwise  be  possible  ;  a  point  of 
vital  importance  in  cases  where  your  old  lineman  w^ho  ^^knew  it 
all"  has  just  left  you  without  notice,  and  it  is  necessary  to  give 
such  instructions  to  his  successor.  Such  a  card  index  should 
preferably  be  supplemented  by  a  general  map  showing  simply 
the  location  of  pole  line  with  general  location  of  lightning 
arresters,  transformers  and  street  arc  lamps. 

4.  A  general  map,  drawn  to  large  scale,  showing  location  of 
pole  line,  and  such  general  information  as  can  be  conveniently 
included,  supplemented  by  small  skeleton  maps  drawn  to  a  scale 
of  about  1,000  feet  to  the  inch,  a  single  line  representing  a  street. 
There  is  one  such  map  for  each  arc,  alternating  or  direct-current 
power  circuit,  showing  all  lines  and  all  such  details  as  location 
of  arc  lamps,  transformers,  fuse  boxes,  lightning  arresters,  etc. 
These  maps  are  made  on  tracing-cloth,  from  which  blue  prints 
may  be  made  for  the  use  of  foremen  inspectors,  troublemen,  etc. 

Meters  and  Transformers 

In  many  small  stations  no  record  is  kept.  It  would  seem 
that  this  is  a  careless  course  to  pursue  in  view  of  the  amount  of 
money  invested. 


The  two  systems  in  general  use  for  such  records  are  as 
follows  : 

Book 

The  sole  advantage  of  this  plan  seems  to  be  that  individual 
records  can  not  be  lost  or  mislaid.  The  great  disadvantages  are 
that  no  symmetrical  arrangement  is  possible,  as  any  classification 
adopted  will  soon  be  outgrown  ;  that  any  material  rearrangement 
means  rewriting  the  entire  book  ;  that  only  one  person  can  work 
on  the  record  at  any  one  time ;  and  that  the  space  for  data  as  to 
removals,  replacements  and  general  history,  will  be  too  limited 
in  some  cases  and  unnecessarily  great  in  others. 

Card  Index 

This  is  by  far  the  most  flexible  and  convenient  arrange- 
ment. Any  desired  classification  or  change  in  classification  can 
be  made  with  ease,  and  I  believe  this  system  should  be  uni- 
versally adopted. 

The  plan  of  renumbering  each  meter  and  transformer  as 
received  is  an  excellent  one,  particularly  where  the  new  number 
indicates  the  size  as  well  as  the  serial  relation,  and  cards  of 
different  colors  are  used  to  indicate  the  various  makes  and  types 
of  transformers  or  meters.  It  is  an  advantage  to  have  a  separate 
series  of  numbers  for  each  size.  For  example,  if  the  number 
is  divided  by  a  hyphen,  the  first  part  indicating  the  capacity 
and  the  rest  the  serial  number,  we  should  have  ^-i,  ^-2, 
^-3,  etc.,  for  500-watt  transformers;  i-i,  1-2,  1-3,  etc.,  for 
i-kw  transformers,  the  highest  number  in  any  series  indicating 
the  total  number  of  that  particular  size.  There  should  be 
separate  compartments  for  transformers  or  meters  **  in  use,**  "  in 
stock,"  and  **  undergoing  repairs,"  the  card  being  shifted  from 
one  compartment  to  another  as  desired.  The  new  number 
should  be  stencilled  in  a  conspicuous  place  on  the  case  of  each 
transformer  or  meter  as  received,  and  all  the  descriptive  data 
entered  upon  the  card,  which  should  be  put  into  the  "  in  stock  " 
compartment. 

When  installed,  all  the  data  regarding  location,  customer, 
etc.,  should  be  entered  on  the  card,  which  should  then  be  placed 
in  the  "  in  use  "  compartment. 

The  following  list  shows  all  of  the  information  called  for  in 
the  various  sample  cards  submitted.  There  will,  of  course,  be 
more  or  less  difference  of  opinion  as  to  the  necessity  for  some 


of  the  headings  and  the  desirability  of  any  one  particular  com- 
bination, and  consequently  no  individual  cards  are  illustrated. 
Several  manufacturers  publish  meter  and  transformer  cards  con- 
taining more  or  less  of  the  headings  given  below. 

Meter  Cards 

Company's  number 

Make 

Maker's  number  ^ 

Type 

Form 

Constant 

Frequency 

Amperes 

Volts 

Phases 

Two  or  three  wire 

Date  received 

On  the  back  of  card  there  should  be  columns  headed, 
respectively,  "Customer,"  "Address,"  "Installed,"  "Removed," 
and  "  Cause." 

Transformer  Cards 

Company's  number 

Make 

Maker's  number 

Type 

Frequency 

Capacity 

Volts,  primary 

Volts,  secondary 

Date  received 

Date  installed 

Location 

Previous  location 

Date  removed 

Cause 

Circuit 

Phase 

Data  as  to   secondary  main  or  network   may  be  added  if 

desired.     These  cards  should  be  supplemented  by  a  consumer's 

record  card,  filed  alphabetically,  which  should  ^how  location  and 

number  of  meter,  the  number  of  transformer  feeding  the  instal- 
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lation,  and  the  connected  load  ;  ample  space  being  left  for 
change  in  the  latter,  and  for  such  other  data  as  may  be  deemed 
necessary. 

There  appears  to  be  no  systematic  plan  in  use  for  keeping 
track  of  the  maximum  active  load  on  meters  and  transformers. 
This  is  a  matter  of  much  importance,  and  I  think  that  wherever 
there  is  any  possibility  of  overload,  all  such  apparatus  should  be 
tested  during  the  season  of  heavy  load,  and  a  careful  record 
kept. 

Lamp  Renewals 

Most  stations  require  the  customers  to  give  a  burned-out 
lamp  in  return  for  every  free  renewal,  and  take  care  to  dispose 
of  the  old  bulbs  promptly  in  order  to  prevent  their  repeated  use. 
This  is  only  a  partial  protection  against  fraud,  as  burned-out 
lamps  of  any  make  are  easily  and  cheaply  obtained.  This  plan 
is  therefore  supplemented  by  the  following  expedients,  either 
singly  or  in  combination. 

1.  Provide  each  customer  with  a  card  showing  his  original 
installation,  and  enter  upon  it  the  dates  of  renewals  and  the 
number  of  lamps  renewed  on  each  occasion.  This  makes  it 
impossible  for  any  one  but  a  consumer  to  obtain  lamps  fraudu- 
lently except  by  connivance  with  some  consumer. 

2.  Compare  the  number  of  lamp  renewals  with  the  meter 
readings.  This  is  one  of  the  best  possible  checks.  Some  com- 
panies give  a  free  renewal  for  a  certain  consumption  of  current 
whether  the  consumer  requests  it  or  not. 

3.  Paste  labels  on  the  lamps,  and  date  them  or  number 
them  serially.  The  former  plan  seems  to  be  of  little  or  no  real 
advantage,  while  the  latter  would  be  too  cumbersome  for  a 
large  station,  as  it  involves  comparing  the  number  on  each  bulb 
returned  with  the  office  record  showing  the  name  of  the  con- 
sumer who  received  it  originally. 

4.  Paste  a  label  giving  the  name  of  the  company  on  each 
lamp  renewed.  This  requires  a  good  deal  of  labor,  and  can 
not  prevent  fraud,  as  the  label  can  be  easily  imitated. 

5.  Stamp  the  name  of  the  company  on  the  insulation  on 
lamp  base.  This  is  impractical  in  the  case  of  some  types  of 
lamps,  as  the  insulation  used  is  black. 

6.  Have  the  name  of  the  company  etched  on  the  bulb. 
This  is  probably  the  best  plan,  but,  if  used,  must  be  limited  to 
lamps  supplied  to  consumers.     This  is  a  serious  disadvantage 


where  many  lamps  are  sold  to  isolated  plants,  as  it  involves 
keeping  a  separate  stock  of  unetched  bulbs. 

In  conclusion,  I  beg  to  thank  the  various  members  who 
have  taken  the  time  and  trouble  to  prepare  questions  or 
answers,  or  who  have  suggested  the  names  of  others  whom 
they  deemed  especially  qualified  to  answer  certain  questions. 

Many  valuable  suggestions  were  received  from  Mr.  Henry 
L.  Doherty,  who  kindly  permitted  the  use  of  some  of  the  forms 
fae  had  prepared  for  a  similar  Question  Box,  and  I  am  greatly 
indebted  to  Miss  Harriet  Billings,  assistant  secretary  of  the 
association,  for  the  interest  she  has  displayed  and  for  the 
effective  assistance  she  has  so  cheerfully  given  from  the  first. 

H.  T.  HARTMAN,  Editor. 


QUESTION  BOX  OF  THE  TWENTY-SIXTH 
CONVENTION  OF  THE  NATIONAL  ELEC- 
TRIC  LIGHT   ASSOCIATION 


No.  I. — Have  any  users  of  water-poiver  found  a  remedy  for 
slush  or  anchor  ice  in  their  screens  and  wheels  f 

The  only  remedy  I  know  of  is  to  remove  racks  or  screens 
and  allow  the  water  to  flow  through  the  wheels  unobstructed. 
If  the  wheels  are  turning  under  a  fair  load,  the  anchor  ice,  or 
frazil,  will  usually  go  through  all  right.  This  is  a  dangerous 
thing  to  allow,  as  sticks,  clubs,  etc.,  will  also  go  into  wheels. 
Sometimes  a  rearrangement  of  forebay,  canal,  dam,  etc.,  might 
change  conditions  so  that  anchor  ice  would  not  be  troublesome, 
but  where  it  is  troublesome  I  know  of  no  method  of  handling 
it  successfully.  GEORGE  B.  LAUDER. 

The  anchor  ice  on  rack  screens  or  water  wheels  may  be 
prevented  by  arranging  the  ponds  and  inlets  to  wheel  houses  sa 
that  said  ponds  will  readily  freeze  over.  If  the  river  from 
which  power  is  taken  is  sluggish  enough  to  allow  freezing 
early,  and  if  the  inlets  are  made  so  wide  and  deep  that  the 
pond  will  freeze  over  at  the  same  time  that  the  river  does,  there 
will  be  no  trouble  from  anchor  ice  after  it  is  frozen.  In  15 
years'  experience  with  a  water-power  having  a  capacity  of  1000 
horse-power,  we  have  never  had  any  trouble  from  anchor  ice, 
except  once  in  a  while — perhaps  once  in  four  or  five  years — 
when  there  has  been  a  strong  wind  during  the  night  when  the 
river  was  freezing  over.  At  such  times  there  may  be  trouble 
for  twenty-four  hours  or  so,  according  to  conditions.  In  the 
northern  latitudes,  and  where  the  river  does  not  come  over  swift 
rapids  in  proximity  to  the  power-house,  there  should  be  na 
trouble  from  anchor  ice  after  the  river  is  once  frozen  over. 

EDWARD  PETERSON. 

This  is  a  difficult  question  to  answer.  Our  experience  has 
been  that,  while  there  is  no  absolute  freedom  to  be  had  from 


anchor  ice,  there  are  various  methods  of  securing  partial  relief 
from  this  trouble.  We  think  that  if  we  can  cause  surface  ice  to 
form  in  the  pond  above  our  flume,  even  if  but  a  copple  of  hun- 
dred feet  wide,  anchor  ice  running  will  be  so  softened  that  it 
will  not  stick  to  the  wheel  runners  or  cause  trouble  by  plugging 
up  the  buckets  on  the  wheel.  This  we  accomplish  by  placing 
numerous  booms,  and  then  making  a  kind  of  grill  by  connecting 
them  with  old  poles.  The  result  is  that  one  cold  night  is 
sufficient  to  cover  the  space  with  surface  ice,  where  if  left  open 
it  would  not  freeze  in  a  week  or  ten  days. 

Again  with  ordinary  vertical  wheels,  such  as  Leffel,  Trump, 
and  others  of  the  same  pattern,  a  very  useful  arrangement  is  to 
tap  a  hole  in  the  top  of  the  wheel  case  and  connect  a  three- 
quarters  or  one-inch  steam  pipe  so  that  steam  may  be  admitted 
to  the  inside  or  back  of  the  runner,  and  by  closing  the  wheel- 
gates  and  blowing  steam  inside  of  the  wheel  for  a  couple  of 
minutes,  all  ice  in  the  buckets  will  be  so  softened  that  it  will 
drop  out  at  once  when  water  is  admitted  to  the  wheel.  This 
steam  pipe  can  be  protected  by  placing  a  piece  of  two-inch  or 
two-and-a-quarter-inch  pipe  around  it  and  packing  full  of 
plaster  of  paris  and  sawdust  to  prevent  condensation.  Slush 
ice  and  fine  snow  on  the  surface  of  the  water  seldom  trouble 
us,  and  when  it  is  running  it  can  usually  be  diverted  by  sheer 
booms  placed  above  the  in-take  of  the  flumes. 

VV.  J.  TROTT. 


In  my  experience  with  water-power  I  have  been  unable  to 
find  a  remedy  for  anchor  ice  on  screens  or  racks  above  wheels. 
At  our  plant,  during  the  time  when  anchor  ice  is  running,  we 
keep  a  force  of  men  on  the  racks  with  rakes.  We  do  not 
attempt  to  rake  out  all  of  the  ice,  but  to  make  numerous  open- 
ings. The  water  rushes  through  these  openings  with  great 
velocity  and  very  quickly  enlarges  them,  until  tinally  the  rack 
is  clean  The  above  is  not  a  remedy,  but  a  means  of  quickly 
getting  rid  of  the  annoyance.  I  would  say,  further,  that  we  use 
a  rack  made  of  steel  plates  a  quarter  of  an  inch  thick  by  two 
and  a  half  inches  wide,  set  on  edge,  the  openings  between  ad- 
jacent strips  being  two  and  one-half  inches.  We  find  great 
advantage  from  the  use  of  a  steel  screen  instead  of  a  wooden 
one,  the  ice  wearing  away  much  more  rapidly  over  the  former 
than  it  does  over  the  latter.  M.  A.  BEAL. 
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Anchor  ice  is  supposed  to  be  formed  in  riffles  in  a  river, 
and  I  think  best  results  toward  preventing  anchor  ice  have 
been  accomplished  by  drowning  out  the  riffles  by  raising  a  dam 
or  cutting  new  channels,  so  that  water  can  dnd  its  way  down 
stream  without  great  agitation.  H.  R.  WEBER. 

The  handling  of  anchor  ice  is  a  subject  requiring  years  of 
experience  and  much  study.  The  reason  a  long  experience  is  a 
necessity,  lies  in  the  fact  that  anchor  ice  seldom  runs  twice 
alike.  A  study  of  the  physical  conditions  causing  it  is  abso- 
lutely necessary,  as  an  ounce  of  prevention  is  worth  much  cure. 
A  well-known  physical  phenomenon  is  that  of  the  possibility  of 
cooling  water  to  a  point  many  degrees  below  the  actual  freezing 
point  without  congelation  taking  place.  The  experiment  may 
be  of  interest,  and  may  be  performed  by  dropping  ether  upon 
a  thin  glass  tube  filled  with  water  in  which  a  thermometer  has 
been  previously  placed.  By  this  means  a  temperature  some  six 
or  eight  degrees  below  the  freezing  point  may  be  obtained,  pro- 
vided the  tube  of  water  is  held  perfectly  still  by  a  mechanical 
holder.  If  upon  attaining  a  temperature  below  freezing  the 
tube  be  struck  with  a  lead-pencil  or  be  shaken  a  little,  immediate 
congelation  will  occur. 

This  experiment  is  merely  a  repetition  of  the  process  that 
we  observe  in  nature.  We  have  a  very  cold  day.  The  water  in 
the  river — or  in  the  ocean,  for  that  matter — is  cooled  to  below 
freezing,  and  the  agitation,  being  ever  present,  causes  the 
formation  of  ice ;  but,  owing  to  the  great  body  of  water  and 
the  movement  therein,  it  does  not  freeze  solid  at  once,  but  is 
kept  churned  up,  making  vast  quantities  of  anchor  ice.  To  the 
average  man,  knowing  nothing  of  such  phenomena,  the  power 
for  evil  of  this  anchor  ice  is  a  marvel  upon  first  acquaintance. 
Under  the  microscope  the  anchor  ice  takes  the  form  of  tiny,  fiat 
and  extremely  thin  plates.  The  lodging  against  the  water 
racks  of  these  masses  of  little  plates  will  shut  out  the  water  as 
well  as  a  cork  stopper  would.  The  writer  has  stood  inside  of 
racks  that  were  covered  with  anchor  ice  where  there  was  a  head 
of  14  feet  of  water  outside,  without  wetting  his  feet  while 
wearing  low  rubber  boots.  From  this  it  will  be  seen  that  it  is 
of  vital  importance  to  prevent  the  accumulation  upon  the  racks 
and  to  remove  the  cause  at  the  earliest  possible  moment.  Under 
high  heads  the  removal  of  the  racks  and  forcing  the  anchor  ice 
through  the  wheels,  as  has  been  done  at  Niagara,  has,  I  believe, 
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proved  efifective.  But  under  low  heads,  say  20  feet  or  under,  the 
masses  of  ice  will  even  plug  the  turbines. 

Our  plant  is  located  upon  the  Penobscot  river,  which  is 
noted  as  an  anchor-ice  maker,  being  broken  up  into  short 
sections  by  numerous  rapids.  Such  rapids  furnish  all  the 
agitation  needed  to  form  anchor  ice.  But  the  water  is  too 
strong  to  permit  of  any  work  being  done  here,  so  we  must  do 
our  work  in  the  dead  waters.  Log  booms,  large  ropes,  etc.,  are 
stretched  in  the  water,  and,  beginning  at  the  shore,  behind 
some  projecting  point,  the  floating  masses  of  anchor  ice  are 
towed -to  the  shore  ends  of  these  booms  and  frozen  to  the  shore 
and  boom.  This  process  is  continued,  gradually  building  out 
from  each  shore,  until  a  bridge  is  formed  across  the  river. 
This  bridge,  or  rather  boom,  of  ice  then  accumulates  the  float- 
ing anchor  ice  and  it  builds  back  until  the  whole  river  is 
covered.  The  writer  has  seen  two  miles  of  this  building-back 
take  place  in  half  a  day  in  a  river  from  300  to  600  feet  in  width. 
Experiments  have  been  made  by  stretching  cheese-c  loth  sheets 
over  the  surface  of  the  water,  which,  freezing  rapidly,  starts  the 
real  ice  in  forming. 

In  absolutely  still  water  anchor  ice  forms  only  in  small 
quantities,  under  the  influence  of  heavy  winds  to  furnish  the 
agitation.  The  writer  observed  an  example  of  this  at  Cape 
Cod  last  winter,  where  the  shore  was  piled  five  feet  deep  with 
.  anchor  ice  after  a  heavy  storm.  Another  fact,  known  to  the 
student,  but  to  few  practical  men,  is  that  the  water  gains  its 
greatest  density  a  short  distance  under  the  ice  and  remains  at 
plus  four  degrees  centigrade.  It  will  at  once  be  seen  that  no 
anchor  ice  can  form  at  this  temperature,  so  once  the  river  is 
sealed  by  a  sheet  of  ice,  the  trying  days  of  anchor-ice  troubles 
are  over.  Reasoning  along  nature's  lines,  we  have  furnished 
this  coating  in  advance  of  the  freeze,  by  covering  the  forebay 
over  with  a  tightly  built  wooden  cover.  Those  of  you  who 
have  this  matter  at  heart  have  no  doubt  noticed  that  at  the 
rapids,  where  the  rivers  never  freeze,  a  continuous  stream  of 
water  vapor  arises,  for  the  reason  that  the  temperature  of  the 
water  running  out  from  under  the  ice  sheets  is  comparatively 
high.  This  vapor  we  find  arises  in  like  manner  out  of  our  fore- 
bay  cover  when  the  traps  are  opened,  and  we  have  found  it 
quite  an  efficacious  means  of  preventing  the  anchor  ice  from 
freezing  to  the  water  racks. 

Our  power  transmission,  though  short,  is  one  of  the  first 
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instances  of  moving  a  waterfall  by  electricity  to  a  distant  mart^ 
and  possibly  our  anchor-ice  experience,  as  affecting  central- 
station  plants,  may  be  useful.     If  such  be  the  case,  it  is  yours. 

JAMES  W.  CARTWRIGHT,  Jr. 

No.  2. — Is  there  any  commercially  practical  method  of  removing 
or  neutralizing  sulphur  in  coal  when  the  percentage  is  s€f<  great  as  to 
cause  rapid  deterioration  of  stack  and  breeching  ? 

No.  W.  S.  BARSTOW. 

There  is  no  practical  method  of  removing  or  neutralizing 
sulphur  in  coal  to  prevent  rapid  deterioration  of  stack  and 
breeching.  This  problem  has  been  given  careful  consideration 
by  some  of  the  largest  ore-smelting  concerns  in  the  country. 
All  have  been  compelled  to  abandon  the  use  of  iron  stacks  and 
breeching  and  to  substitute  brick.  The  quantity  of  sulphur 
products  produced  by  one  smelter  has  become  so  large  as  to 
thrcathen  the  health  of  the  neighboring  inhabitants.  The 
smelter  company  has  decided  to  put  in  a  brick  conduit  and 
carry  the  products  of  combustion  nearly  two  miles  from  the 
smelter,  discharging  them  through  a  stack  on  a  hill.  Sulphur 
burns  to  SOg,  and  SOg  without  the  presence  of  water  should 
not  attack  iron.  By  covering  the  stack  with  non-conducting 
material,  to  prevent  condensation  of  the  water  suspended  in 
the  flue  gases,  the  life  of  the  stack  might  be  lengthened. 

H.  S.  RUSSELL. 

No.  J. —  Under  luhat  conditions   has   it   been  founds  in   actual 
xperienct\  to  pay  to  mix  anthracite  with  soft  coal  ? 

We  have  found  it  advantageous  to  mix  anthracite  rice  or 
culm  with  bituminous  coal  in  the  proportion  of  one-half  anthra- 
cite and  one-half  bituminous  for  average  work  on  boiler,  mak- 
ing the  amount  of  bituminous  more  or  less  with  increase  or 
decrease  of  load.  The  coals  should  be  well  mixed  before  plac- 
ing on  the  fire.  It  requires  considerable  experience  on  the  part 
of  the  fireman  to  handle  the  mixture  to  the  best  advantage.  A 
fireman  who  has  been  accustomed  to  firing  bituminous  coal  is 
apt  to  use  the  slice  bar  too  vigorously  and  permit  the  anthracite 
coal  to  run  through  on  the  grates  in  large  quantities  when  the 
coals  are  not  well  mixed  before  firing.  J  AS.  E.  PYLE. 
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We  have  in  use  one  Babcock  &  Wilcox  i75-hp  and  one 
Hogan  i25-hp  boiler.  Our  stack  is  of  iron,  102  feet  high  from 
ashpit  to  top ;  four-foot  opening.  We  get  the  best  results  by 
mixing  one  part  soft  coal  to  three  parts  hard  coal,  No.  3  buck- 
wheat. With  No.  I  buckwheat  at  $2.50  per  ton,  we  burned 
three  tons  per  night,  equal  to  $7.50. 

With  soft  coal  at  $3.60  per  ton,  No.  ^  buckwheat  at  $1.25 
per  ton,  and  mixing  one  part  soft  coal  (90  cents)  with  three 
parts  No.  3  buckwheat  (96  cents),  the  cost  was  $1.86  per  ton 
mixed.  We  burned  three  tons  per  night,  saving,  by  mixing,  the 
difference  between  $7.50  and  $5.58,  or  $1.92  per  night,  or  64 
cents  per  ton.  FRED.  B.  SHARPE. 

By  mixing  the  two  kinds  of  coal  in  about  equal  parts,  we 
found  that  the  aggregate  daily  consumption  was  practically  no 
greater  than  when  using  all  soft  coal.  With  soft  coal  at  $4.80 
and  buckwheat  or  birdseye  at  $3.30,  the  net  cost  of  coal  is 
reduced  about  75  cents  per  ton. 

GARDNER  ELECTRIC  LIGHT  CO. 

During  the  anthracite  coal  strike  last  fall  and  winter  we 
were  compelled  to  burn  anthracite  screenings  (birdseye)  with 
soft  coal,  and  we  found  that  by  mixing  two  parts  of  soft  coal 
and  one  part  screenings  and  firing  light  and  often,  we  were 
able  to  burn  it  with  the  following  results  :  The  price  of  coal, 
delivered,  was  :  soft  coal,  $2.65  ;  screenings,  $1.65  per  ton.  We 
burned  three  tons  of  soft  coal,  costing  us  $7.95,  during  a  run  of 
14  hours.  Making  the  same  run  with  coal  mixed,  two^and  one- 
third  tons  of  soft  coal  and  one  and  one- third  tons  of  screenings 
were  required,  costing  us  $9.26.  Assuming  load  and  conditions 
to  be  the  same,  this  means  a  loss  to  us  of  $1.31,  besides  handling 
one  ton  of  coal  extra  and  a  larger  amount  of  ashes.  Consider- 
ing also  the  extra  coal  and  ashes  that  it  would  be  necessary  to 
handle,  it  is  plain  that  it  would  not  pay  to  mix  soft  coal  with 
screenings  under  our  conditions.  W.  M.  BELL. 

No  definite  statement  can  be  made  regarding  the  use  of 
mixed  fuel.  The  only  correct  way  to  determine  the  advisability 
of  using  mixed  fuel  is  to  make  actual  tests  in  the  furnaces  where 
the  fuel  is  to  be  burned.  The  conditions  that  give  the  greatest 
evaporation  for  one  dollar  are  the  ones  to  be  maintained. 

J.  D.  A  ,  N.  Y.  ED.  CO. 
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Under  actual  evraporative  tests  made  with  horizontal  return 
tubular  boilers,  hand-firing,  chimney  draught  .65  inch,  I  have 
obtained  the  greatest  evaporation  of  water  per  pound  of  coal  by 
mixing  25  per  cent  anthracite  (buckwheat  size,  so-called)  with 
75  percent  soft  coal,  "run  of  mine,"  good  quality.  This  mix- 
ture gives  best  results,  with  rapid  combustion,  light  but  fre- 
quent firing,  and  not  over  four  inches  of  coal  on  the  grates. 
Heavy  firing  with  this  mixture  will  deaden  fires.  This  mix- 
ture of  coal  will  prevent  a  heavy  volume  of  black  smoke.  Com- 
parative tests  made  with  soft  coal  only,  same  grade  and  quality 
as  used  in  above  test  with  anthracite,  gave  two-and-a-half  per 
cent  less  evaporation.  JOSEPH  HANSON. 

No.  4. — Is  there  any  simple  method  of  determining  the  relative 
advantages  of  different  kinds  of  coal^  without  resorting  to  a  long  test 
under  the  boilers^  under  working  conditions  ? 

There  is  no  simpler  method  than  the  analyzing  of  the  coal,, 
which  requires  laboratory  apparatus.  W.  S.  BARSTOW. 

A  simple  and  convenient  method  of  determining  the 
strength  and  characteristics  of  different  kinds  of  coal,  is  to  test 
samples  in  a  Parr  calorimeter,  which  will  give  the  heat  value  of 
the  sample  with  great  accuracy.  By  heating  another  sample  of 
the  coal  in  a  covered  crucible,  the  gas  will  be  distilled  off,  so 
that  by  the  difference  in  weight  before  and  after  distillation  the 
amount  of  volatile  matter  can  be  determined,  and  an  inspection 
of  the  residue  left  in  the  crucible  will  show  at  once  whether  or 
not  the  coal  will  coke.  If  this  sample  be  again  heated  in  an 
open  crucible,  all  of  the  combustible  will  be  burnt  off,  leaving 
nothing  but  the  ash.  An  inspection  of  this  ash  will  show 
whether  the  coal  will  make  clinkers  or  drv  cinders,  and  the 
weight  of  the  ash  will  determine  the  percentage  of  ash  in  the 
coal.  The  entire  testing  outfit,  including  weighing  balances, 
will  cost  about  $150,  and  any  engineer  competent  to  take  charge 
of  a  lighting  plant  can  easily  learn  in  a  few  hours  to  make 
this  lest.  VV.  L.  ABBOTT. 

A  calorimeter  measurement  of  different  coals  should  indi- 
cate their  relative  values.  The  Parr  calorimeter  costs  about 
$85,  and  gives  satisfactory  results.  After  determining  total 
heat  of  combustion  by  calorimeter  measurement,  some  allow- 
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ance  should  be  made  for  the  loss  of  heat  that  would  result  from 
the  use  of  those  coals  containing  a  large  proportion  of  hydro- 
gen or  a  large  proportion  of  moisture,  as  the  gases  must  be 
discharged  above  the  condensation  temperature  of  water.  Each 
pound  of  water  carried  out  of  the  flue  will  contain  about  1270 
B.  T.  U.,  while  a  pound  of  ordinary  flue  gas  would  contain 
only  about  100  B.  T.  U.  C.  W.  HUMPHREY. 

A  working  test  of  at  least  eight  hours  under  actual  con- 
ditions is  the  only  correct  method  of  determining  the  value 
of  the  coal.  J.  D.  A.,  N.  Y.  ED.  CO. 

No,  J. — At  what  price  per  1000  feet  will  it  pay  to  use  natural 
gas  as  against  bituminous  coal  of  fair  steaming  qualities  at  $1.^0  per 
short  ton  f 

Assuming  that  gas  is  to  be  used  under  the  boilers  to 
generate  steam  to  operate  steam  engines,  it  will  require  52,000 
B.  T.  U.,  with  a  modern  boiler  equipment,  to  generate  one  brake 
hp-hour.  Taking  as  a  base  natural  gas  with  800  heat  units  per 
cubic  foot,  it  will  require  to  develop  one  brake  horse- power,  65 
cubic  feet  at  10  cents  per  1000.  Fuel  per  hp-hour  will  cost  .0065. 
Takinga  steam  plant  using  coal  at  $1.50  per  ton  and  five  pounds 
per  hp-hour,  your  coal  for  this  same  amount  of  work  will  cost 
.00375,  as  against  .0065  if  gas  is  used  for  fuel. 

On  the  other  hand  we  will  suppose  you  are  going  to  use 
g^s  engines.  Any  recognized  gas-engine  builder  will  guarantee 
to  operate  on  12,000  heat  units  per  brake  horse- power  with 
natural  gas  of  800  B.  T.  U.  Fifteen  cubic  feet  of  gas  at  10  cents 
per  thousand  equals  one  horse-power,  or  .0015.  Therefore, 
natural  gas  of  800  B.  T.  U.  at  six  cents  per  thousand,  to  be  used 
as  fuel  for  generating  steam,  will  give  you  about  the  same 
results  as  coal  at  $1.50  per  ton  using  five  pounds  per  hp-hour. 

Using  gas  engines  operating  on  12,000  heat  units  per  hp- 
houry  you  can  operate  with  50  per  cent  economy  over  coal,  pay- 
ing 12  cents  per  1000  feet  for  gas.  H.  M.  BEUGLER. 

It  is  assumed  that  a  fair  steaming  coal  at  $1.50  (in  boiler- 
room)  per  short  ton  contains  12,000  heat  units  per  pound,  equal 
to  34,000,000  heat  units  per  ton.  One  thousand  cubic  feet  of 
natural  gas  contains  1,000,000  heat  units  ;  therefore  one  ton  of 
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coal  contains  the  same  number  of  heat  units  as  24,000  cubic 
feet  of  natural  gas,  making  comparative  cost  as  follows  : 

Coal  per  2,000  pounds  in  boiler-room $i-5o 

24»ooo  cubic  feet  natural  gas  at  .0625  per  1000..   1.50 

All  conditions  being  the  same,  natural  gas  would  have  to 
be  obtained  at  six  and  one-quarter  cents  per  1000  cubic  feet  to 
equal  coal  at  $1.50  per  ton  containing  12,000  heat  units  per 
pound.  There  would,  however,  be  a  greater  efficiency  in  the 
use  of  natural  gas  over  coal  equal  to  30  per  cent. 

An  additional  saving  would  be  effected  in  labor,  depending 
upon  conditions — manual  or  stoker  firing.  Assuming  that  one 
fireman  at  $1.80  per  day  shovels  10  tons  of  coal,  we  have  (assum- 
ing all  other  labor  to  be  equalized)  an  additional  charge  for 
coal  of  18  cents  per  ton.  Twenty-four  thousand  cubic  feet  of 
natural  gas  less  30  per  cent  (increased  efficiency)  equals  16,800 
cubic  feet ;  18  cents  added  to  labor  for  coal  makes  cost  per  ton 
$1.68.  We  now  have  with  new  conditions  16,800  cubic  feet  of 
natural  gas  at  10  cents  per  1000  feet  equal  to  one  ton  of  coal 
at  $1.68.  JAMES  W.DUNBAR. 

Natural  gas  has  a  heating  value  of  about  1000  B.  !'.  U.  per 
cubic  foot.  Fairly  good  bituminous  coal  has  a  value  of  about 
14,000  B.  T.  U.  per  pound.  It  would  therefore  take  14  feet  of 
natural  gas  to  equal  one  pound  of  coal,  or  it  would  take  28,000 
cubic  feet  of  natural  gas  to  equal  one  ton  of  coal  ;  so  natural  gas 
would  apparently  be  worth  5,35  cents  per  thousand  for  steaming 
purposes.  I  am  inclined  to  think  that  a  much  higher  efficiency 
could  be  secured  with  natural  gas  than  with  coal,  and  saving  in 
labor  and  higher  efficiency  would  warrant  paying  seven  cents 
per  thousand  for  the  natural  gas.  W.  M.  SITES. 

At  27  cents.  W.  S.  BARSTOW. 

Natural  gas  at  about  six  cents  per  1000  feet  is  about  equal 
to  soft  coal  at  $1.50  per  short  ton.  These  figures  are  based  on 
practical  considerations.  If  comparing  on  a  theoretical  basis, 
I  think  that  a  comparison  of  the  heat  values  would  be  a  proper 
one,  as  I  can  not  see  that  any  greater  efficiency  can  be  had  with 
gas  than  with  coal  under  boilers.  Of  course  there  is  some  sav- 
ing in  labor,  handling  of  ashes,  etc.,  which  must  be  taken  into 
account. 
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In  Columbus,  Ohio,  I  used  natural  gas  to  displace  coke 
under  artificial  retorts  for  gas- making  purposes.  Here  I  found 
36,000  feet  of  gas  equivalent  to  one  ton  of  coke.  In  a  great 
many  power-houses  in  Columbus  we  displaced  the  fuel  used  by 
natural  gas  and  charged  for  our  gas  an  equivalent  of  the  cost  of 
the  fuel  we  displaced.  The  saving  effected  in  labor  was  simply 
the  inducement  we  used  for  getting  the  business.  This  was  in 
the  days  when  natural  gas  was  considered  inexhaustible.  We 
would  determine  at  various  times  after  giving  such  flat  rates,  the 
price  we  were  actually  getting  for  our  gas,  and  found  the 
amounts  varying  from  as  low  as  four  cents  to  as  high  as  eight, 
but  in  no  case  did  we  make  a  refined  test  to  give  the  exact  quan- 
tity required  to  displace  one  ton  of  coal,  and  the  figure  of  six 
cents  given  above  is  merely  a  round  number  that  I  feel  will 
cover  the  case  as  well  as  any.  E.  E.  EYSENBACH. 

Our  experience  has  been  that  the  cost  of  using  natural  gas 
at  six  cents  per  1000  feet  is  about  15  per  cent  greater  than  with 
coal  at  $1.50  per  ton.  This  allows  nothing  for  saving  in  labor, 
as  we  were  obliged  to  retain  the  fireman  on  each  shift,  although 
he  had  very  little  to  do  except  to  look  after  the  pumps,  cut 
boilers  in  and  out.  clean  boilers,  etc.  There  are  collateral 
advantages,  however,  in  the  way  of  freedom  from  smoke  and 
soot  and  absence  of  corrosion  from  the  lodging  of  damp  ashes 
in  inaccessible  places,  but  it  would  be  difficult  to  estimate  them 
accurately  in  dollars  and  cents.  EDITOR. 

This  depends  entirely  on  the  B.  T.  U.  value  of  coal  and 
the  cost  of  burning  it,  such  as  labor,  furnace  maintenance,  etc. 
For  a  comparison  of  the  cost  of  fuel,  natural  gas  at  nine  cents 
per  1000  feet  would  probably  be  about  equal  to  bituminous  coal 
at  $1.50  per  short  ton.  J.  D.  A.,  N.  Y.  ED.  CO. 

No.  6. — How  much  coal  should  a  fireman  be  expected  to  handle 
in  twelve  hours  ? 

If  the  duties  of  a  fireman  are  understood  to  be  the  stoking 
and  cleaning  of  his  fire,  a  daily  average  of  one  ton  per  hour  is 
about  all  that  can  be  expected,  but  this  depends  in  a  great 
measure  upon  the  quality  of  coal,  kind  of  grates,  temperature 
of  room,  etc.  in  special  cases,  where  the  fireman  had  nothing 
to  do  but  the  stoking,  having  a  helper  for  cleaning  fires  and 
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removing  ashes,  and  where  a  dne  grade  of  coal  is  used  the 
writer  has  seen  a  fireman  handle  two  tons  per  hour  for  six  or 
eight  hours  daily.  In  a  certain  plant  employing  seven  firemen, 
using  a  poor  grade  of  coal  running  fully  20  per  cent  ash,  the 
best  monthly  average  shown  in  coal  handled  per  man  per  hour 
was  1500  pounds  per  hour  on  12-hour  shifts,  service  24  hours 
daily.  PEORIA  GAS  &  ELECTRIC  CO. 

Two  thousand  pounds  an  hour  per  man  in  an  emergency. 
In  ordinary  heavy  load  1800  pounds. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

We  find  that  one  fireman  can  handle  about  eight  tons  of 
coal  per  shift  when  firing  by  hand.  We  think  conditions  vary 
so  much  in  different  places  that  it  would  be  impossible  to  say 
how  much  one  man  should  handle.  JAS.  E.  PYLE. 

The  fireman  on  a  hand-fired  furnace  should  fire  from  eight 
to  ten  tons  of  coal  a  day.  I  regard  a  12-hour  shift  as  altogether 
too  long  for  a  man  at  this  work.  In  a  large  boiler-room,  where 
several  firemen  are  employed,  I  think  the  best  results  will  be 
obtained  by  working  the  men  eight  hours,  and  have  each  fire 
between  one  ton  and  a  ton  and  a  quarter  an  hour.  When  a  fire- 
man gets  tired  he  is  not  nearly  so  particular  how  the  stoking  is 
done,  and  for  all  the  time  he  is  at  work  beyond  eight  hours  the 
amount  of  coal  he  wastes  would  easily  pay  for  two  firemen. 

W.  L.  ABBOTT. 

From  12  to  16  tons.  J.  D.  A.,  N.  Y.  ED.  CO. 

No.  7. — Are  automatic  stokers  more  economical  than  hand-stoking 
in  plants  of  less  than  2^0-hp  capacity  ? 

Having  run  hand-fired  furnaces  for  14  years  and  automatic 
stokers  for  10  months,  we  consider  the  stoker  a  luxury  in  a  plant 
of  less  than  500  horse-power.  Unless  the  increased  interest, 
depreciation  and  repairs  can  be  covered  by  labor  saved  by  the 
stokers,  the  stoker  in  a  small  plant  will  not  pay. 

JAS.  E.  PYLE. 

I  do  not  think  automatic  stokers  are  so  economical  as  hand- 
firing  in  plants  of  250-hp  capacity,  provided  intelligent  hand- 
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firing  can  be  secured.  This  is  particularly  true  in  an  electric- 
iight  plant,  where  the  load  fluctuates  rapidly.  Most  stokers  do 
not  lend  themselves  readily  to  fluctuation  in  load. 

H.  R.  WEBER. 

Automatic  stokers  are  no  more  economical  on  labor  than 
hand-stoking  unless  the  consumption  of  coal  in  the  boiler-room 
runs  as  high  as  a  ton  and  a  half  an  hour,  as  one  fireman,  on  a 
pinch,  can  handle  as  much  coal  as  that  in  the  hand-fired  fur- 
naces, while  it  would  at  the  same  time  require  one  fireman  to 
look  after  a  stoker.  W.  L.  ABBOTT. 

The  question  of  the  economy  of  installing  automatic 
stokers  in  a  steam  plant  is  one  to  be  decided  by  the  result  of 
the  comparison  of  the  advantages  and  disadvantages  derived 
from  the  use  of  them.  The  writer  knows  of  a  plant  of  about 
the  size  of  the  one  under  discussion  in  which  a  mechanical 
stoker  is  giving  entire  satisfaction.  The  fuel  is  a  mixture  of 
coal,  coal  dust  and  refuse,  quite  as  poor  a  material  to  burn  as 
can  be  imagined,  but  this  machine  burns  it  and  keeps  up  a  most 
excellent  fire.  The  operator,  or  fireman  in  attendance,  has 
instructions  to  keep  the  hopper  of  the  stoker  filled  with  the 
fuel  and  to  pull  a  lever  occasionally  that  operates  the  clinker 
pan.  These  duties  are  such  as  do  not  require  the  services  of  an 
experienced  fireman,  and  this  feature  is  therefdre  the  source  of 
some  economy.  This  stoker  is  driven  by  a  motor  that  is  also 
used  to  drive  a  triplex  pump,  so  the  cost  of  operating  the  stoker 
is  reduced  to  a  minimum,  as  the  expense  of  the  motor  is  divided 
between  it  and  the  pump.  This  example,  however,  can  not  be 
taken  as  conclusive  proof  that  mechanical  stokers  will  in  all 
cases  be  economical,  as  it  is  one  in  which  the  conditions  are 
most  favorable  for  the  use  of  the  stoker. 

A  case  is  cited  of  a  large  manufacturing  establishment 
that  had  mechanical  stokers  installed  in  the  boiler-room.  It 
was  noticed  that  the  firemen  did  not  appreciate  the  innovation, 
but  were  firing  in  the  old-fashioned  way.  Upon  inquiry  it  was 
found  that  with  the  stokers  in  use  the  men  were  compelled  to 
shovel  the  coal  into  the  fuel  hoppers,  which  were  at  an  incon- 
venient height  above  the  floor  level,  thus  entailing  more  effort 
than  was  required  to  throw  the  coal  through  the  furnace  doors 
lower  down.  The  stokers  without  the  needed  overhead  coal  bins, 
and  possibly  necessary  coal-conveying  and  elevating  machinery. 
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were  in  this  instance  just  so  much  wasted  investment,  and  what 
might  have  been  a  most  economical  arrangement  was  utterly 
spoiled  because  it  was  not  carried  far  enough.  In  conclusion, 
the  writer  would  say :  Consider  each  proposition  individually, 
and  apply  to  each  the  solution  that  promises  to  be  the  most 
economical  in  its  results.  E.  T.  WALSH. 

A  good  automatic  stoker,  properly  attended  to  and  hand- 
ling the  kind  of  coal  for  which  it  is  designed,  is  more  economical 
than  hand-firing  in  any  sized  plant. 

J.  D.  A.,  N.  Y.  EU  CO. 

No.  8. —  What  has  been  the  experience  as  to  comparative  cost  of 
labor  in  charging  coal  under  boilers  by  hand  or  with  stokers;  also^  what 
comparative  results  have  been  obtained  as  regards  efficiency  ?  What  is 
the  comparative  cost  of  repairs  on  a  plant  of  about  I200'hp  capacity  f 

It  has  cost  the  Chicago  Edison  Company  in  boiler-rooms 
having  hand-fired  furnaces  about  25  cents  a  ton  to  charge  the 
coal  under  the  boilers,  and  when  these  same  boilers  were 
equipped  with  chain  grates  and  overhead  coal  bunkers  the  cost 
was  reduced  to  six  cents  a  ton.  The  ef!iciency  is  about  the  same 
in  either  case,  with  a  slight  advantage  in  favor  of  hand-firing. 
The  repairs  are  approximately  25  cents  per  horse-power  annually 
greater  with  chain  grates  than  with  hand-fired  furnaces.  These 
repairs  are  principally  on  the  brick  arch. 

W.  L.  ABBOTT. 

The  cost  of  firing  boilers  by  hand  or  by  automatic  stokers 
will  at  the  end  of  the  year  be  practically  equal  when  the  cost  of 
maintenance  plus  labor  is  equated  for  the  stokers  against  the 
cost  of  labor  plus  maintenance  of  hand-fired  grates. 

H.  G.  STOTT. 

Our  labor  for  firing  costs  about  32  cents  a  ton  on  fiat  grates 
and  about  seven  cents  a  ton  with  stokers.  We  believe  that  with 
the  chain  grates  we  are  saving  from  two  to  five  per  cent  in  coal, 
due  to  the  use  of  stokers,  rather  than  new  fire  grates. 

Repairs  to  grate  and  furnace  on  a  1200-hp  plant,  we  estimate 
would  be  about  $200  with  flat  grates  as  compared  with  about 
$1500  with  stokers. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 
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I  think  about  25  per  cent  in  actual  firing,  but  other  labor  to 
be  charged  to  stokers  will  nearly  cover  the  25  per  cent.  I  should 
say  the  efficiency  of  a  good  stoker  over  hand-firing  would  be 
nearly  10  per  cent.  W.  B.  BLOXHAM. 

My  experience  in  charging  coal  under  boilers  with  stokers 
is  as  follows  :  In  a  plant  consisting  of  four  250-hp  Babcock  & 
Wilcox  boilers,  equipped  with  American  stokers,  with  induced 
draft,  we  found  the  saving  over  hand-firing  to  be  approximately 
30  per  cent,  using  run  of  the  mine  coal  which  costs  $2.35  in  the 
bin,  from  which  we  were  enabled  to  obtain  the  equivalent  of 
11.25  pounds  from  and  ^^  212  degrees.  The  cost  of  renewals 
and  repairs  to  the  stoker  was  equal  to  25.8  pounds  of  castings 
per  horse-power  per  year.  The  stokers  consumed  approximately 
two  per  cent  of  the  steam  to  operate  them.  On  an  overload 
test  they  would  run  to  100  per  cent  over  their  ratings  without 
any  unsatisfactory  results.  The  stokers  cost  approximately 
$3.50  per  horse-power  installed. 

We  have  no  data  in  regard  to  hand-firing  in  this  plant, 
therefore  can  not  give  costs  of  same.  G.  B.  LELAND. 

This  is  a  very  broad  question,  and  no  definite  answer  should 
be  given.  The  cost  of  labor  for  charging  coal  in  the  boiler 
would  be  with  the  stoker  from  one-third  to  one-half  of  what  it 
would  be  by  hand.  The  efficiency  of  the  stoker,  working  under 
the  conditions  for  which  it  was  designed,  would  probably  be 
from  five  to  ten  per  cent  above  the  well-managed  hand  fire. 
The  cost  of  repairs  would  probably  be  from  two  to  three  times 
as  great  with  the  stoker  as  with  the  hand  fire. 

J.  D.  A.,  N.  Y.  ED.  CO. 

No.  ^. —  What  is  a  simple  ana  cheap  arran^enirnt  for  ^ettin^ 
ashes  out  from  under  boilers:  also  for  loaJin^  same  on  cars  or  carts 
from  a  station  of  about  1200  horsc-pcnvcr  ? 

The  use  of  hoppers  and  industrial  railway. 

W.  S.  BARSTOW. 

We  should  consider  it  doubtful  whether  a  station  of  this 
capacity  could  afford  to  use  anything  but  carts  or  barrels. 

THE    EDISON    ELEC.  ILL'G   CO.  OF    BOSTON. 
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No.  io,—  What  is  the  best  kind  of  gasket  for 
and  manholes  of  a  boiler  I 


A  tubular    gasket  > 


:  joint,  and  is  easily 
A.  O.    FREFZ, 


applied. 

Up  to  three  years  ago  we  used  rubber  gaskets  on  manhole 
and  handhole  plates  on  our  boilers.  At  that  time,  however,  we 
tried  asbestos  and  found  it  much  superior  in  that  it  will  keep  the 
manhole  or  handhole  steamtight  longer  and  at  less  expense  than 
the  rubber,  especially  with  the  dropping  and  raising  of  steam 
very  often  on  the  boiler.  We  use  a  gasket  composed  of  asbestos 
stock  one-sixteenth  of  an  inch  thick,  and  enough  of  the  thick- 
nesses together  so  that  the  gasket  will  be  from  one-eighth  to 
three-eighths  of  an  inch  thick,  and  with  this  we  do  not  experience 
any  difficulty.  Our  steam  pressure  is  i6d  pounds,  and  varies  but 
very  little  except  by  reason  of  cutting  boilers  in  and  out  of  ser- 
vice on  account  of  the  different  ranges  of  the  load. 

W.   P.   HANCOCK, 

We  have  two  250-hp  Heine  boilers,  and  we  have  always  used 
rubber  gaskets,  both  on  the  handholes  and  manholes.  I  have 
recently  ordered  some  rubber  gaskets  for  the  handholes.  Before 
ordering  I  considered  the  asbestos  gasket,  but  as  asbestos  gas- 
kets cost  four  or  five  times  as  much  as  rubber  I  did  not  think 
that  the  additional  expense  was  warranted,  I  have  no  doubt 
that  the  asbestos  gasket  is  a  good  thing  and  will  outlast  several 
rubber  gaskets.  I  have  had  no  experience  with  them,  but  I 
doubt  if  they  will  outlast  four  or  five  rubber  gaskets. 

F-  ELLWOOD   SMITH. 


Red  rubber. 


ulcaniz 


N.  LEDFORD. 


We  have  used  lead  gaskets  with  good  success,      We  find  that 
gaskets  differ  a  good  deal  according  to  the  water  that  is  used. 
C.   F.  SNVDER. 

We  use  for  handholes  on  the  Heine  boiler  a  lead  gasket  (sec- 
tion j^^  )  four  and  one-eighth  inches  in  diameter  outside,  three 

'A- 
and  live-eighths  inches  inside,  which  we  make  in  a  hinged  cast- 
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iron  mould,  similar  to  the  old-style  bullet  mould,  th^  gate  being 
on  the  outside  of  the  ring.  The  ring  is  poured  vertically  and  a 
vent  is  necessary  on  either  side  of  the  gate.  The  lead  should  be 
very  hot,  and  the  mould  must  be  heated  before  beginning  to 
pour,  otherwise  the  lead  will  chill  before  tilling  the  mould. 

These  gaskets  make  a  perfect  joint,  and  require  little  or  no 
attention  after  the  men  understand  how  to  handle  them.  When 
placed,  a  slight  pressure  should  be  put  on  the  bolt,  and  as  steam 
is  being  raised  the  bolts  should  be  tightened  only  enough  to  stop 
leaks.  The  firemen  make  the  gaskets  at  odd  times.  The  lead  is 
used  over  and  over,  making  the  cost  very  slight. 

JOHN   B.  GARDEN. 

For  an  Eclipse  manhead  the  bearing  is  small,  and  a  rubber 
gasket  will  become  crushed  and  will  soon  squeeze  out.  I  there- 
fore use  a  composition  lead  gasket,  making  it  comparatively 
hard  or  soft,  according  to  the  pressure  and  the  temperature. 
For  an  old-style  manhead,  having  a  large  bearing,  a  good 
quality  of  cloth-inserted  rubber  gives  satisfaction.  By  coating 
the  under  side  with  white  lead  and  the  top  surface  with  graphite 
mixed  with  cylinder  oil,  it  can  be  used  over  many  times  and 
will  last  from  six  months  to  two  years.  WI  M.  CRAIG. 

The  best  gasket  for  use  on  manholes  of  a  boiler  is  a  rubber 
ring  cut  from  sheet  rubber  (which  can  be  bought  at  a  very  low 
price),  coated  with  graphite  grease  on  each  side.  This  never 
fails  to  make  a  good  joint,  and  very  seldom  gives  trouble  by 
leaking;  it  is  easily  removed,  as  the  graphite  prevents  the  rub- 
ber from  sticking  to  the  iron.  JAS.  E.  PYLE. 

Our  experience  has  been  that  we  obtain  better  results  from 
the  use  of  rubber  gaskets  for  a  Heine  boiler,  with  the  cloth 
insertion.  With  the  copper  gasket  we  had  to  use  asbestos 
wicking  in  order  to  make  a  tight  joint,  and  we  found  that  we 
could  use  the  gasket  but  once  ;  we  also  found  that  the  lead,  as 
well,  could  be  used  but  once,  although  it  did  not  require  the  use 
of  asbestos  as  in  the  case  of  the  copper  gaskets. 

L.  R.  WALLIS. 

There  are  two  considerations  in  regard  to  gaskets.  The 
first  is  reliability  and  time,  and  the  second  is  economy.  Rubber 
is,  without  doubt,  the  best  available  material  for  a  gasket,  and 
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as  the  best  grades  can  be  had  in  several  forms  and  are  sold  by 
the  pound,  the  weight  of  the  gasket  is  a  very  important  factor. 
A  well-cut  gasket  will  make  a  good,  tight  joint,  but  has  the  dis- 
advantage of  requiring  time  for  cutting,  care  in  fitting,  and  the 
loss  of  the  scrap.  A  moulded  gasket  is  good,  and  costs  less 
because  there  is  no  scrap  ;  but  as  manholes  and  handhoies  often 
differ  a  little  in  size  and  shape,  this  is  often  the  cause  of  a  bad 
fit,  and  should  there  be  unevenness  in  the  surface  it  often  hap- 
pens that  a  leaky  place  requires  attention  when  the  boiler  is 
being  filled,  and  if  tin^eis  short  it  is  an  extra  bother  and 
expense  to  let  water  out  when  you  ^re  in  a  hurry  for  steam. 
There  are  a  number  of  soft-rubber  tubular  gaskets  on  the 
market,  which  cost  but  little.  They  fit  everywhere — every  size 
and  shape — and  always  make  a  tight  joint.  They  are  the 
quickest,  cheapest  and  most  reliable,  and  you  have  no  scrap  at 
all,  and  if  time  is  an  object  they  are  in  every  way  the  best,  as 
they  are  always  ready.  H.  A.  HAMPTON. 

After  six  years*  experience  with  different  gaskets  for  the 
Heine  boilers,  we  find  that  G.  W.  Knowlton  gaskets  for  hand- 
holes  remain  tight  the  longest.  Those  we  have  tried  are  like 
all  the  other  gaskets  for  thi^  particular  place,  in  that  they  can 
not  be  used  the  second  time.  The  cost  of  these  gaskets  is 
about  three  cents  each.  We  have  also  used  a  gasket  made  by 
the  Day  Rubber  Co.,  of  St.  Louis.  This  gasket  does  not 
remain  tight  one-half  so  long  as  the  Knowlton  gasket,  but  will 
remain  tight  under  ordinary  conditions  until  the  boiler  requires 
cleaning,  which  would  be  about  once  in  six  weeks.  The  price 
of  this  gasket  is  about  nine-tenths  of  a  cent.  Our  deduction 
from  the  above  is  that  it  is  better  for  us  to  use  the  cheap  Day 
gasket  at  nine-tenths  of  a  cent  each,  which  remains  tight 
from  four  to  six  weeks,  but  is  not  good  after  that.  For  the 
manhole,  we  find  that  the  moulded  lead  gasket  is  the  best 
thing.  This  gasket  is  supplied  by  the  boiler  company.  We 
have  had  the  same  gasket  on  one  boiler  for  four  years,  and  dur- 
ing that  time  the  manhole  plates  were  probably  removed  50 
times  from  the  boilers.  WELLES  E.  HOLMES. 

I  consider  asbestos  the  best.  W.  B.  BLOXHAM. 

This  company  uses  Guillott  for  the  front  plugs  of  Heine 
boilers.     These  cost  us  aboijt  two  cents  each,  less  a  credit  of  one- 
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half  cent  for  old  met'al,  making  a  net  cost  of  one  and  one-half 
cents  each.  They  can  be  taken  out  and  put  on  twice  before  they 
are  useless.  These  gaskets  are  tight  when  the  boiler  is  up  to 
pressure,  but  when  the  pressure  runs  down  they  always  leak,  but 
will  stop  leaking  when*  the  pressure  is  raised  again. 

On  the  back  plugs  of  Heine  boilers  we  use  McKim  gaskets, 
consisting  of  a  flat  piece  of  rubber  inclosed  in  a  copper  shell. 
These  gaskets  will  last  indefinitely  without  leaking  so  long  as 
they  are  not  disturbed,  but  if  the  plugs  arc  taken  off  new  gaskets 
will  be  needed.  The  cheaper  gasket  is  used  for  the  front  plug, 
because  these  plugs  are  taken  off  every  month  or  so  for  boiler 
cleaning,  but  the  back  plugs  are  not  disturbed  oftener  than  once 
a  year.  W.  L.  ABBOTT. 

In  my  experience,  the  best  kind  of  gasket  is  the  rubber  gas- 
ket furnished  by  the  Heine  company. 

UTAH  LIGHT  AND  POWER  CO. 

We  have  found  the  Kearsage  asbestos  metallic  packing  to 
give  about  the  best  general  satisfaction  for  manholes  on  Heine 
boilers.  The  cheapest  gasket  for  handholes  that  we  have  thus 
far  found,  which  at  the  same  time  gives  fair  satisfaction,  is  lead. 
The  handholes,  however,  require  very  close  attention,  especially 
where  boilers  are  quite  frequently  put  in  and  out  of  service. 

W.  J.  GREENE. 

I  have  found  a  common  four-ply  rubber  gasket  to  be  the 
best  and  cheapest  for  use  on  handholes  and  manholes  of  boilers 
carrying  a  pressure  of  not  over  no  pounds.  If  handled  with 
care  it  will  last  from  one  to  two  years,  plates  being  removed  and 
replaced  once  a  month  when  boiler  is  shut  down  for  cleaning. 

JOSEPH  HANSON. 

No.  II. —  What  is  the  best  method  of  protecting  ami  preserving  the 
iron  arch  and  dead-plate  castings  used  in  boilers  ? 

The  best  way  to  preserve  the  iron  arch  is  to  prevent  the  fire- 
man from  prying  against  it  in  stirring  up  his  fire.  To  save  the 
dead  plate  on  doors,  he  should  keep  his  fire  back  from  the  dead 
plate  and  not  allow  red-hot  coals  to  lie  on  it,  burning  the  plate 
as  well  as  the  front  doors.  Keep  the  fire  back  under  the  boiler, 
not  on  the  dead  plate,  where  it  does  more  harm  than  good. 

PERRY  ELECTRIC  LIGHT  AND  POWER  CO. 
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Whitewash  with  fire-clay  every  time  boiler  is  cooled. 

N.  H.  LEDFORD. 

I  know  of  nothing  better  than  the  T-shaped  arch.  By  cut- 
ting off  the  corners  of  the  bricks  so  that  they  will  project  a  little 
below  the  iron  and  plastering  with  fire-clay  or  asbestos  cement, 
the  T-shaped  arch  will  last  a  long  time. 

I  know  of  no  way  to  protect  the  dead  plates.     They  should 


'    B 


cLai 


Fire  Brick 


Areli 


JEU51 


Spuce  t4j  bv  tilled 


be  made  of  a  composition  similar  to  stove  plate,  as  common 
gray  iron  burns  out  much  the  quickest.  W.  M.  CRAIG. 

A  very  good  method  of  protecting  the  iron  arch  of  a  boiler 
is  to  have  it  made  hollow  and  have  the  feed  water  to  the  boiler 
pass  through  it ;  also  to  have  a  circulating  pipe  connecting  the 
bottom  of  the  boiler  and  the  feed-pump  end  of  the  arch,  with  a 
check  valve  inserted  to  prevent  the  water  from  flowing  into  the 
bottom  of  the  boiler,  but  permitting  the  water  to  circulate  from 
the  bottom  of  the  boiler  through  the  arch  when  the  pump  is  not 
feeding.  We  have  had  arches  of  this  character  in  use  about  lo 
years,  without  any  repairs  whatever  to  either  arch  or  smoke-box 
wall. 

As  for  the  protection  of  the  dead-plate  castings,  we  set  our 

grate  bars  about  an  inch   above   the  dead  plate  and  lay  a  short 

piece   of  plate   in    the    fire-door,    fastened    with    two    bolt-taps 

through  the  original  dead  plate.     These  plates  protect  the  dead 

plate  and  are  inexpensive   to  change   when   in  bad  condition. 

This  protects  the  dead  plate  well  enough  so  that  it  will  not  have 

to  be  removed  during  the  life  of  the  boiler. 

JAS.  E.  PYLE. 

Do  not  use  any  iron  arches. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 


A  brick  arch,  or  perhaps  a  good  circulating  water  arch. 

W.  B.  BLOXHAM. 
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Arch  plates  should  be  no  wider  than  dead  plates,  but  the 
entire  lining  of  fire-doors — that  is,  side  plates,  arches  and  dead 
plates — should  be  nearly  the  same  in  width  ;  if  there  is  any  dif- 
ference, the  arch  should  not  be  as  wide  as  the  dead  plate,  as  the 
arch  is  subjected  to  a  more  intense  heat,  and  should  therefore 
not  extend  over  the  grate.  Put  at  least  four  inches  of  fire-brick 
between  the  edge  of  the  dead  plates  and  the  end  of  the  grate. 
Arch  and  side  plates  should  flare  so  as  to  become  a  much  larger 
opening  near  the  grates  than  at  the  door ;  this  will  prevent  the 
fuel  from  striking  the  plates  when  being  thrown  into  the  fur- 
nace. However,  most  furnaces  are  built  more  or  less  in  a 
standard  way.  Then  comes  their  protection,  which  is  of  the 
utmost  importance.  As  in  all  engineering  matters,  constant 
diligence  is  the  price  of  success.  A  careful  fireman  is  the  life 
of  the  furnace,  boiler  and  fuel.  Fuel  should  not  be  allowed  to 
lie  and  burn  on  the  dead  plate,  for  it  makes  but  little  steam, 
burns  up  the  castings  and  doors,  and  heats  the  fireman,  etc. 
The  greatest  protection  to  these  parts  consists  in  cleanly  men, 
fires  spread  evenly  over  the  grates,  and  an  even  draft.  A  great 
pile  of  fire  in  the  front  door  is  the  death  of  firemen,  steam  and 
castings.  The  grate  is  the  place  to  burn  fuel  when  you  want 
steam.  H.  A.  HAMPTON. 

My  experience  has  been  that  the  best  way  to  protect  iron 
arch  and  dead-plate  castings  in  boilers  is  to  eliminate  them 
entirely  from  the  boiler-  setting,  substituting  a  fire-brick  arch, 
jambs  and  dead  plate  of  very  simple  construction,  but  which 
will  last  for  years,  or  as  long  as  any  other  part  of  the  setting 
above  the  grate. 

The  arch  is  constructed  of  standard  tongue-and-groove  arch 
fire-brick.  The  jambs  should  be  of  one  solid  fire-brick  each, 
moulded  to  order.  The  dead  plate,  or  hearth,  consists  of  two 
courses  of  brick  with  broken  joints  resting  on  T-irons  ;  brick 
laid  at  right  angles  to  the  hearth.  The  first  or  lower  course 
consists  of  hard  red  brick  laid  in  cement.  The  second  or  top 
course,  level  with  the  grate,  consists  of  selected  fire-brick,  per- 
fectly straight,  laid  dry  and  tight  with  cement  joint  between 
fire  and  red-brick  courses.  The  hearth  extends  the  entire  width 
of  the  setting  upon  which  the  jambs  are  set.  There  being  no 
heat  of  any  account  applied  to  the  red-brick  course,  it  remains 
solid  and  intact.  The  fire-brick  course,  being  laid  dry  and 
tight,  will  become  completely  wedged  by  expansion  of  the  brick 
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when  heat  is  applied  to  the  boiler.  There  being  no  wear  and 
tear  on  the  lower  or  red-brick  course,  the  hearth  remains  per- 
fectly airtight,  even  in  the  event  of  a  brick  of  the  top  course 
being  broken ;  in  which  event  it  can  easily  be  replaced.  This, 
though,  has  not  happened  to  any  of  our  hearths,  some  of  which 
have  been  in  use  three  years.  Part  of  this  construction  being 
original  with  us,  and  there  being  no  patents  on  it,  we  shall  be 
pleased  to  answer  any  question  in  relation  to  it. 

L.  W.  BYERS. 

No.  12. — Under  what  conditions  and  to  what  extent  are  rocking 
grates  preferable  to  plain  grates  for  boilers  I 

The  only  experience  we  have  had  has  been  with  one  Bab- 
cock  &  Wilcox  6oo-hp  boiler.  We  changed  from  rigid  to  shak- 
ing grate,  and  found  better  consumption  of  coal  and  less  labor. 
We  believe  in  rocking  or  shaking  grates. 

GEO.  B.  LAUDER. 

Rocking  or  shaking  grates  are  superior  to  stationary  grates 
for  several  reasons,  particularly  with  the  cheaper  grades  of 
coal.  With  a  stationary  grate  the  use  of  the  slice  bar  is  very 
often  resorted  to,  thereby  raising  up  the  clinkers  into  the  fire, 
and  when  the  heat  is  intense  they  become  melted  and  run  down 
into  the  grate  bars,  closing  them  up.  At  the  same  time,  while 
using  the  slice  bar  the  doors  must  be  open,  thereby  reducing 
the  efficiency  of  the  coal,  while  a  rocking  or  shaking  grate  can 
be  operated  with  the  fire-doors  shut,  shaking  part  of  the  clink- 
ers through  into  the  ashpit  and  allowing  a  fire  to  be  run  longer 
without  cleaning.  W.  M.  CRAIG. 

When  you  want  to  raise  steam  quickly  it  would  be  advis- 
able to  have  rocking  grates  to  the  extent  of  25  per  cent  of  the 
total  installation  ;  also  where  you  want  to  carry  maximum 
capacity  for  a  long  time  and  have  not  otherwise  a  chance  to 
clean  fires  properly. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

yo.  I  J. —  What  is  the  best  method  for  removing  hard  scale  from  a 
return  tubular  boiler  ( 

We  have  two  strata  of  well  water  that,  if  used  in  certain 
quantities  of  each,  keep  our  boilers   perfectly  clean,  as  we  have 
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determined  by  experience.  ■  One  of  these  wells  is  strongly  im- 
pregnated with  lime  and  some  mineral,  and  if  used  alone  it  will 
5oon  scale  up  a  boiler.  The  water  from  the  other  well  contains 
strong  soda  and  some  magnesia,  together  with  other  properties, 
and  by  using  the  two  in  combination  we  avoid  scale  entirely. 
Formerly,  we  used  various  compounds  for  this  purpose  ;  on  one 
occasion  we  used  kerosene  with  very  good  results,  but  we  do  not 
advocate  this,  because  of  the  bad  effect  it  has  on  the  cylinder 
and  packing  of  a  high-speed  engine.  It  greatly  increases  the 
difficulty  in  maintaining  the  steam-pipe  joints  tight. 

S.  S.  INGMAN. 

We  have  no  return  tubular  boilers.  When  we  had  them  we 
used  kerosene  and  soda  to  good  advantage. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

If  there  is  very  much  scale  in  a  boiler,  in  my  opinion  the 
right  way  would  be  to  take  out  the  tubes  and  thoroughly  clean 
both  shell  and  tubes  with  a  round-faced  hammer.  When  a  com- 
pound is  found  that  will  remove  such  scale,  there  is  great  dan- 
ger of  bagging  the  boiler,  or  even  worse,  for  when  the  scale 
drops  down  the  circulation  carries  it  to  the  front  of  the  boiler, 
where  the  heat  is  the  most  intense,  and  which  is  the  worst  place 
in  which  it  could  be  deposited.  W.  M.  CRAIG. 

We  use  kerosene  daily,  and  before  cleaning  the  boiler  we 
put  in  a  good  dose  of  potash.  FRED.  B.  HUBBELL. 

It  depends  altogether  upon  the  quality  of  the  scale.    A  good 

rotary  cleaner  is  a  very  good  thing  for  this  purpose. 

W.  B.  BLOXHAM. 

• 
Analyze  the  scale,  and  if  a  solvent  can  be  found  that  will 

not  injure  the  boiler,  use  that ;  if  not,  use  a  man  with  a  hammer 

and  chisel.  J.  D.  A.,  N.  Y.  ED.  CO. 

No.  14.  —  What  are  the  advantages  and  disadvantages  of  super- 
heating steam  /  What  is  the  necessary  eijuipment  per  horse-power ^  and 
can  it  be  readily  applied  to  existing  boilers  '/ 

The  cost  of  necessary  equipment  per  horse-power  for  super- 
heaters should  be  about  $3.00  There  are  makes  of  superheaters 
that  can  be  applied  to  existing  boilers.     The  advantages  are  in 
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economy  of  steam  consumplion  in  an  engine  by  securing  per- 
fectly dry  steam  in  cylinder  by  superheating  150  degrees  Fahren- 
heit. The  disadvantages  are  in  the  additional  quality  of  pipe- 
covering,  for  preventing  loss  of  the  superheat,  and  well-made 
valves,  etc.  W,  S.  BARSTOW. 

The  advantages  are  all.  those  due  to  absolutely  dry  steam 
and,  in  general,  the  advantage  of  doing  away  entirely  with  cyl- 
inder condensation,  if  the  superheat  is  high  enough.  This  com- 
pany is  using  100  degrees  superheat  with  160  pounds  pressure 
on  gridiron  valve  and  is  having  absolutely  no  trouble.  We 
know  of  no  disadvantage. 

We  are  using  .9  of  a  foot  of  superheating  surface  per  horse- 
power of  boiler.  This  is  the  Babcock  &  Wilcox  superheater  and 
can  be  applied  to  any  Babcock  &  Wilcox  boiler, 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON, 

The  advantage  to  be  derived  from  ihe  use  of  superheated 
steam  is  increased  economy  in  the  heat  and  hence  in  (he  coal 
required  per  i,h,p,  per  hour.  Economy  is  the  central  idea 
involved  in  the  use  of  superheated  steam,  Ihis  gain  arises 
through  an  improvement  in  the  conditions  that  limit  the  economy 
of  Che  sieam  engine.  They  are  chiefly  the  following:  (1)  The 
so-called  limiting  thermodynamic  efficiency,  and  (3)  Ihe  partial 
condensation  of  the  steam  as  it  enters  the  cylinder.  According 
to  the  first  of  these,  it  appears  that  even  in  an  ideally  perfect 
engine  only  a  portion  of  the  heat  that  comes  to  the  cylinder  can 
be  transformed  into  useful  work,  and  this  fraction  will  be  the 
larger  as  the  temperature  range  through  which  the  steam  is 
worked  is  the  wider ;  that  is,  as  the  temperature  at  admission  is 
higher  and  the  temperaiure  at  exhaust  lower.  The  usual  con- 
denser pressures  furnish  a  natural  limit  to  the  lower  tempera- 
ture, but  there  is  no  such  barrier  to  the  elevation  of  the  upper 
temperature  and  to  a  gain  in  economy  in  this  way.  Superheat- 
ing is,  then,  a  method  of  raising  the  temperature  of  the  steam 
at  admission,  and  hence  improving  the  possible  ideal  efficiency 
without  at  the  same  time  too  extreme  corresponding  rise  in 
pressure. 

The  second  limitation,  as  a  consequence  of  which  a  consid- 
erable part  of  the  steam  may  be  condensed  on  its  first  admission 
to  the  cylinder,  is  one  that  prevents  the  operation  of  steam  under 
any  high  degree  of  expansion  in  any  one  cylinder.     It  is  chieAy 


to  decrease  [his  loss  thai  the  expansion  is  carried  on  in  com- 
pound, triple  or  quadruple  expansion  engines,  as  in  the  best 
modern  practice  with  saturated  and  moist  steam.  Superheated 
steam,  however,  is  not  in  part  condensed  by  the  abstraction  of  a 
small  quantity  ol  heal  as  is  the  case  with  saturated  steam.  If, 
indeed,  the  degree  of  superheat  can  be  made  sufficient  to  prevent 
the  steam  from  falling  to  the  saturated  condition  at  any  time 
during  its  passage  through  the  engine,  condensation  will  be  pre- 
vented and  the  serious  loss  due  to  the  interaction  between  the 
wails  of  the  cylinder  and  the  steam  will  be  very  much  decreased, 
A  third  possible  source  of  gain  may  be  mentioned  ;  this  is 
the  increased  tightness  of  piston  and  valves  and  the  decreased 
amount  of  leakage  with  superheated  as  compared  with  saturated 

It  may  be  accepted  as  demonstrated  by  numerous  tests  dur- 
ing the  past  few  year^  with  steam  superheated  from  200  to  250 
or  300  degrees  above  the  temperature  of  saturated  steam,  thai 
the  gain  in  economy  should  be  from  la  to  15  and  even  70  per 
cent,  varying  with  the  special  conditions. 

One  or  two  consequences  of  these  general  principles  may 
be  noted:  First,  if  the  degree  of  superheat  were  sufficient,  the 
simple  engine  could  be  made  the  equal  in  economy  of  the  mul- 
tiple expansion  and  the  complication  and  greater  cost  of  the 
latter  type  might  be  avoided.  Actually,  this  is  more  than  could 
be  expected,  but  it  may  be  fair  to  expect  that  with  a  full  realiza- 
tion of  the  possibilities  of  superheated  steam  there  will  be  little 
need  to  go  beyond  the  compound  type,  at  least  so  far  as  economy 
is  concerned. 

Second,  it  should  not  be  forgotten  that  in  the  results  of 
trials  of  engines  using  superheated  steam  as  compared  with 
those  using  saturated  steam,  the  number  of  pounds  of  steam  is 
not  a  fair  basis  of  comparison,  since  there  is  much  more  heat  in 
a  pound  of  superheated  steam  than  in  a  pound  of  saturated 
steam.  The  only  fair  basis  of  comparison  in  such,  as  in  all 
cases,  in  fact,  is  the  reduction  to  heat  units  per  i.h.p,  per  hour. 

The  chief  difficulties  or  disadvantages  that  have  arisen  are 
of  two  kinds  :  the  corrosion  or  burning  out  of  the  superheaters, 
and  trouble  with  the  lubrication  and  general  operation  of  an 
engine  with  superheated  steam.  These  troubles  are,  however, 
mechanical,  and  they  are  being  met  and  overcome  in  highly 
satisfactory  manner  in  various  systems  before  the  engineering 
public,  and  in  particular  as  developed  within  the  past  few  years 
in  continental  Europe. 
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A  description  of  the  necessary  equipment  and  its  application 
to  boilers  of  varying  types,  would  require  space  exceeding  the 
proper  limits  of  a  brief  discussion  such  as  the  present.  The 
engineering  press  during  the  past  three  years  is  rich  in  matter 
relating  to  the  generation  and  use  of  superheated  steam.  The 
number  of  types  of  superheaters  is  exceedingly  large.  Some 
are  independent  of  the  boiler,  and  may  therefore  be  readily  used 
in  connection  with  existing  boilers  of  whatever  type.  Others 
are  intended  to  operate  with  the  boiler  and  in  some  cases  could 
be  adapted  only  with  difficulty  to  boilers  already  installed.  In 
other  cases  such  adaptation  could  be  made  without  undue  ex- 
pense, and  the  gain  from  superheated  steam  thus  be  obtained 
with  a  minimum  of  disturbance  to  the  existing  plant. 

W.  F.  DURAND. 

The  advantage  is  mainly  increased  economy  ;  different  boil- 
ers require  different  equipment.  They  can  be  placed  outside  of 
boiler  and  separately  fixed.  They  can  be  applied  to  existing 
boilers,  but  I  don't,  think  it  is  good  engineering. 

\V.  B.  BLOXHAM. 

y^i/tt/z/A/^v^  .•  The  principal  advantage  in  the  use  of  super- 
heated steam  is  the  prevention,  to  a  greater  or  less  extent,  of 
initial  condensation  in  the  cylinder,  thus  increasing  the  work 
done  per  pound  of  working  fluid  Its  use  enables  the  designer 
to  reduce  the  size  of  the  steam  mains,  thereby  cutting  down, 
relatively,  radiation  and  friction  losses.  If  the  steam  is  super- 
heated at  release,  less  heat  is  given  out  by  the  cylinder  walls  to 
the  exhaust,  but  best  results  arc  obtained  with  the  steam  just 
dry  at  release.  Under  this  last  condition  jackets  are  of  no 
value  except  for  warming  up  the  engines,  and  they  are  usually 
omitted,  the  temperature  of  the  cylinder  walls  being  much 
higher  than  with  the  use  v>f  saturated  steam.  There  is  also  a 
further  gain  in  ecv>nomy  due  to  the  fact  that  films  of  water  do 
not  form  around  the  piston  rings  and  rod  packing,  and  there  is 
little  of  the  customary  leakage  that  is  due  to  these  films  of 
water. 

I\s,:j:,:n^j^f<  Special  vahes  and  stuffing  bv^^xes  are  required 
and  a  special  high-test  oil  mus:  t>e  used  tv>r  lubrication.  There  is 
usually  a  greater  friction  loss  in  :he  cylinder,  also  a  greater  range 
o:  cylinvier  :em;^ra:ure.  A  higher  ciass  o:  s:eam  piping  must  be 
empioved.    anvi     the    increases     temperatures    mean    ii 


33 

troubles  with  expansions  and  joints,  in  both  piping  and  engines  ; 
also  a  slight  increase  in  the  first  cost  of  this  portion  of  the 
plant.  The  superheating  surface  in  the  boiler  and  more  high- 
pressiire  valves  and  steam  piping  must  be  kept  in  order.  A 
better  quality  of  non-conducting  pipe  covering  is  required. 

Ease  of  ApplicaUon  and  Necessary  Equipmetit :  Superheaters 
can  be  readily  applied  to  all  modern  types  of  boilers,  and  many 
of  the  up-to-date  boiler  manufacturers  have  superheating  ar- 
rangements worked  out  and  are  in  a  position  to  contract  to 
install  and  guarantee  them.  Under  varying  conditions  the  best 
results  are  obtained  from  the  use  of  from  seven  to  twenty 
degrees  of  superheat  for  each  per  cent  of  moisture  in  the  steam 
at  the  point  of  cut-off  in  the  cylinder,  the  difference  being  due 
to  the  design  of  the  engine  and  the  steam  pressure.  Super- 
heating surface  attached  to  a  boiler  costs  about  twice  as  much 
as  boiler  heating  surface  per  square  foot,  and  separately  fired 
superheaters  cost  about  three  times  as  much  per  square  foot  of 
surface.  About  one  square  foot  of  superheating  surface  to 
seven  square  fqet  of  boiler  heating  surface  is  the  usual  ratio  for 
140  degrees  to  200  degrees  of  superheat,  and  one  to  twelve  for 
100  degrees  to  120  degrees  superheat.  The  use  of  separately 
fired  superheaters  is  advocated  only  in  the  case  of  very  long 
steam  pipes,  the  superheater  to  be  located  at  the  end  of  the  line, 
near  where  the  steam  is  to  be  used. 

G.  A.  O  ,  N.  Y.  ED.  CO. 

No,  75. — Are  automatic  feed-water  controllers  for  boilers  satis- 
factory in  operation  ?     Is  it  advisable  to  use  them  in  small  stations  ? 

'  We  believe  hot. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

ft 

Automatic  feed-water  controllers  have  been  in  satisfactory 
use  for  some  time.  W.  S.  BARSTOW. 

We  consider  automatic  feed  for  boilers  desirable  in  any 
plant,  and  a  cheap  device,  which  works  very  satisfactorily  for  a 
small  plant  using  duplex  pump  for  boiler  feeder,  is  to  put  the 
steam-supply  pipe  through  the  shell  of  the  boiler  so  that  the 
opening  is  at  the  point  where  you  desire  to  carry  the  water 
level.  When  the  water  is  sufficiently  high  and  supplies  water 
to  the  pump,  instead  of  steam,  the  pump  will  slow  down  until 
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the  water  level  drops  below  the  opening.  Arrangements  should 
be  made,  however,  so  that  steam  can  be  supplied  to  the  pump 
in  the  usual  manner,  so  that  the  pump  can  be  used  independently 
of  water  level  when  desired.  S.  S.  INGMAN. 

Sonne  automatic  feed -water  controllers  are  satisfactory  and 
can  be  used  in  small  stations.  They  should  not  be  recommended 
unless  the  saving  in  labor  due  to  their  use  would  be  consid- 
erable. J.  D.  A.,  N.  Y.  ED.  CO. 

->'<?.  i6. — H(nv  long  should  a  three-sixteenths-inch  unlined  iron 
stack  last  under  normal  conditions  of  operation  t 

Our  experience  is  greatly  against  the  use  of  iron  stacks. 
We  recently  had  one  give  out  suddenly  a  short  distance  from 
the  top  when  there  was  no  external  evidence  of  weakness,  even 
upon  close  examination.  The  matter  might  have  been  quite 
serious  with  us.  and  no  external  inspection  would  have  warned 
us  of  the  danger.  ALEX  J.  CAMPBELL. 

A  chimnev  with  a  three-sixteenths-inch  iron  base  and  one- 
eighth-inch  iron  top  rusted  through  in  one-eighth-inch  section 
and  fell  over  in  eight  years  from  date  of  its  erection.  Two  steel 
chimneys,  one-fourth  inch  thick  to  the  top,  showed  a.reduction 
of  one-half  in  six  years.  We  should  judge  from  this  experience 
that  the  three-sixteenths- inch  chimney  referred  to  would  last 
about  12  years  if  built  of  iron,  and  would  be  shorter-lived  if 
built  oi  steel.  J  AS.  E.  PYLE. 

It  depends  altogether  on  the  care  taken  of  it  and  on  the 
temperature  of  escaping  gases.  W.  B.  BLOXHAM. 

A  three-sixteenths-inch  unlined  iron  s:ack  should  last,  if 
properly  painted  and  taken  care  of.  at  least  2c  years.  The  cor- 
rosions at  section  joints  are  most  to  be  feared,  and  can  be  taken 
care  of  by  periodical  inspccrion  and  pain::ng.  WTierc  soft  coal 
is  burned,  ihe  life  oi  the  stack  would  probably  be  somewhat 
shorter,  owing  to  the  high  percentage  of  sulphur  in  g-ases. 

J.  P  S.  N   V.  ED  CO. 
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No.  77. —  What  is  the  best  paint  for  stacks  and  breeching,  and 
what  is  the  best  method  of  applying  it  ? 

4  parts  fine  graphite 

4  parts  powdered  charcoal 

2  parts  oxide  iron 

Mix  with  boiled  linseed  oil  and  apply  with  paint  brush. 

N.  H.  LEDFORD. 

Several  years'  use  of  oil  tar,  the  tar  by-product  of  water-gas 
manufacture,  has  proved  it  to  be  a  very  satisfactory  coating  for 
iron  stacks.  PEORIA  GAS  AND  ELECTRIC  CO. 

The  Woodbury  hot  iron  paint. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

My  experience  indicates  that  in  the  interior,  away  from  the 
seashore,  there  is  very  little  difference  between  coal  tar,  bitu- 
mastic,  graphite,  and  similar  paints  properly  applied  ;  in  each 
case  assuming,  of  course,  that  the  stack  is  of  proper  dimensions 
for  the  work  it  has  to  do.  I  also  find  that  the  proper  tempera- 
ture  of  the  stack  at  which  the  paint  should  be  applied,  to  guar- 
antee preservation  of  the  metal  and  to  get  the  greatest  life  out 
of  the  paint,  is  at  the  point  where  the  chili  has  been  taken  off. 
The  paint  can  then  be  well  rubbed  in  and  a  body  retained.  If 
it  is  cold,  it  will  not  take  the  paint  properly  ;  if  it  is  hot,  no 
matter  how  careful  or  honest  the  workman  is,  it  will  be  an 
impossibility  to  retain  a  uniform  body  of  paint  on  the  stack. 
Joints  should  be  cemented  on  the  inside  before  painting,  and 
paint  applied  with  a  wall  brush  and  we'll  rubbed  in.  The  paint- 
ing should  not  be  done  by  contract. 

Along  the  seashore  we  have  a  different  proposition  with 
relation  to  stack  painting,  on  account  of  the  salt  moisture.  We 
find  that  paints  having  ar  long  life  in  the  interior  fail  to  a  cer- 
tain extent  on  the  coast.  We  have  tried  many  different  paints, 
applied  in  different  ways,  but  have  been  more  successful  with 
Raney's  enamel  iron  paint  than  with  any  other.  No  matter 
what  paints  are  used,  stacks  and  breechings  should  be  of  proper 
temperature  when  the  paint  is  being  applied,  joints  cemented 
on  the  inside,  and  paint  thoroughly  rubbed  in.  Where  rust  has 
developed,  it  should  be  removed  before  applying  the  paint. 

L.  W.  BYERS. 
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The  best  paint  we  have  ever  found  for  painting  stacks  and 
breechings  is  made  by  Robert  Watt,  of  Denver,  Col.  It  con- 
tains asphaltum,  tar  and  graphite,  and  the  tar  and  asphaltum 
compounds  are  those  that  distill  off  above  the  temperature  at 
which  the  stack  will  be  operated.  The  paint  is  bright,  does  not 
run,  and  does  not  crack.  W.  T.  BAKER. 

Graphite  paint.  W.  B.  BLOXHAM. 

The  best  paints  for  stacks  and  breeching  would  seem  to  be 
the  graphite  paints  by  the  several  makers,  the  value  of  the 
paints  being  determined  largely  by  the  method  of  application. 
To  secure  the  biest  results  with  a  paint,  it  is  necessary  to  clean 
all  loose  scales  thoroughly  from  the  surfaces  to  which  it  is  to  be 
applied,  and  apply  the  covering  material  in  two  or  more  coats, 
with  stiff  brushes,  working  the  paints  well  into  the  joints  about 
the  rivets.  J.  P.  S.,  N.  Y.  ED.  CO. 

No.  1 8. — Is  there  any  satisfactory  appliance  for  reseating  small 
valves  without  removing  them  from  the  line  ? 

There  are  many  satisfactory  appliances  for  reseating  small 
valves  without  removing  them  from  the  line  ;  they  are  made  by 
steam  specialty  companies.  W.  S.  BARSTOW. 

Use  valves  with  a  removable  disc. 

FRED.  B.  HUBBELL. 

Jenkins  Brothers  make  a  moderate-priced  tool  for  reseating 
fiat-seated  valves.  Valves  from  three-quarters  of  an  inch  up  may 
be  reseated  with  this  tool,  and  I  understand  that  it  gives  satis- 
faction. It  is,  of  course,  useless  for  conical-seated  valves.  For 
the  latter  class  of  valves  a  tool  is  made  by  the  Leavitt  Machine 
Co.,  Orange,  Mass.  I  have  heard  good  reports  of  this  tool,  but 
it  costs  from  $50  up.  It  will  also  reseat  flat-seated  valves. 
Capacity  for  both  kinds,  three-quarters  of  an  inch  up.  These 
are  the  only  tools  of  the  kind  of  which  I  know. 

TOWNSEND  WOLCOTT. 

■ 

There  are  several  machines  manufactured  which  will  do  the 
work  satisfactorily.  The  writer  uses  the  Morse  &  Dexter  valve- 
seating  machine.  E.  W.  FURBUSH. 

Have  used  Morse  reseating  machine  for  repairing  valves 
without  removing  from  the  line,  and  consider  the  same  very 
satisfactorv.  G.  B.  LELAND. 
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There  are  many  satisfactory  valve-reseating  devices  on  the 
market,  results  obtained  from  which  are  dependent  entirely  on 
the  iskiil  of  the  operator.  This  applies  to  globe  valves.  There 
is,  we  believe,  no  reseating  device  for  gate  valves. 

J.  P.  S.,  N.  Y.  ED.  GO. 

No,  IQ. —  IVhat  progress  has  been  made  in  the  development  of 
ike  steam  turbine  as  applied  to  the  operation  of  dynamos  ? 

One  turbine  of  15-kw  capacity  driving  ^  dynamo  has  been 
in  service  satisfactorily  for  a  little  over  a  year.  Several  of  560 
and  600-kw  capacity  are  in  service.  Some  turbines  have  been 
built  as  large  as  5,000-kw,  but  have  not  yet  been  started. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

At  present  there  are  only  two  types  of  steam  turbines  that 
may  be  regarded  as  commercial  machines,  viz.  :  the  Parsons 
and  the  De  Laval.  With  nearly  20  years  of  history  behind 
them,  I  think  it  might  be  reasonably  claimed  that  both  types 
have  passed  the  development  stage,  and  have  become  standard 
articles  of  manufacture  and  trad^.  Progress  at  present  is 
largely  in  the  direction  of  increased  confidence  on  the  part  of 
the  buying  public  and  increased  manufacturing  facilities  and 
improved  mechanical  processes  on  the  part  of  the  builder.  I  do 
not  wish  to  be  understood  as  saying  that  no  further  advance 
will  be  made  in  the  art,  but  rather  that  I  do  not  expect  any 
sensational  developments  that  will,  without  warning,  make 
existing  machines  antiquated  and  obsolete. 

One  who  has  closely  studied  the  history  of  steam  turbines, 
and  is  acquainted  with  the  industrious  way  in  which  inventors 
have  worked  at  the  problem  for  the  last  hundred  years,  will  not 
be'  so  much  disturbed  by  the  redoubled  energy  that  has  been 
stimulated  by  the  practical  success  of  existing  machines.  An 
analysis  of  many  schemes  recently  put  forth  as  new  and  revo- 
lutionary, clearly  shows  them  to  be  reinventions  of  old  principles 
disclosed  in  patent-office  drawings  of  50  and  60  years  ago. 
In  the  steam  turbine  from  now  on,  I  look  for  the  gradual 
improvement  common  to  all  things.  We  may  eventually  get 
somewhat  better  efficiencies  ;  or  we  may  from  time  to  time 
make  improvements  that  will  in  a  measure  simplify  the  con- 
struction and  reduce  the  cost ;  but,  broadly  speaking,  I  consider 
the  steam  turbine,  as  regards  its  development,  as  certainly  being 
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on  at  least  as  stable  a  footing  as  are  the  present  accepted 
methods  of  generating  and  distributing  electricity.  There  will 
doubtless  be  many  new  and  radical  designs  offered  to  the  public, 
but  these  designs  will  require  several  years  of  probation  under 
the  ordinary  conditions  of  service  obtaining  in  the  average 
power  plant  before  they  can  be  entitled  to  full  confidence,  as  we 
who  build  machines  can  see  nothing  but  the  good  points,  and  we 
are  obliged  to  turn  them  over  for  a  season  to  you  who  operate 
them,  to  have  the  weak  points  picked  out  for  us,  before  we  can 
finish  the  job  entirely. 

To  summarize  briefly,  the  present  status  of  the  steam 
turbine  in  the  United  States  is  about  as  follows : 

1.  Units  of  400-kw  capacity  have  been  in  constant  operation 
for  four  years  without  developing  any  mechanical  weaknesses  or 
showing  any  signs  of  deterioration,  either  in  respect  to  wear  or 
efficiency. 

2.  Units  as  large  as  1,500-kw  capacity  have  entirely  passed 
the  probation  period.  The  subsequent  order  for  two  turbo- 
generator sets  for  plant  extension  by  the  purchasers  of  the 
largest  turbine  yet  installed,  is  a  sufficient  commentary  on  its 
general  performance. 

3.  The  results  of  experience  have  been  such  as  to  justify 
conservative  manufacturers  in  making  the  large  capital  outlay 
necessary  for  the  production  of  machines  of  5,5oo-kw  nominal 
capacity.  The  construction  of  such  machines  of  the  Westing- 
house-Parsons  type  is  well  under  way,  and  they  have  found 
ready  purchasers  in  advance  of  their  actual  production.  It  is 
confidently  expected  that  units  of  this  size  will  be  in  operation 
before  the  next  annual  convention  of  this  association. 

4.  As  regards  economy,  it  is  stating  the  matter  most  con- 
servatively to  say  that  in  point  of  steam  consumption  per  kilo- 
watt ot  electrical  energy  delivered  at  the  terminals  of  the 
generator,  the  turbine  is  not  surpassed  by  any  type  of  recipro- 
cating engine.  In  the  sundry  matters  of  cost  of  installation, 
up-keep,  oil,  attendance,  repairs,  etc.,  which  count  heavily  in 
general  commercial  station  economy,  its  advantages  are  too 
patent  to  require  explanation. 

5.  Except  in  the  smaller  sizes,  where  speed-reducing  gears 
can  be  used  advantageously,  it  has  thus  far  been  undesirable  to 
couple  direct-current  generators  to  steam  turbines,  on  account 
of  commutator  difficulties  resulting  from  the  prevailing  speeds 
of  prime  movers  of  this  description. 
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6.  With  turbo-alternators,  all  difficulties  in  parallel  opera- 
tion are  entirely  eliminated. 

7.  There  has  been  one  serious  accident  to  a  400-kw  turbo- 
generator, at  the  factory  of  the  Yale  &  Towne  Manufacturing 
Co.,  at  Stamford,  Ct.,  within  the  past  year.  Considerable  promi- 
nence has  been  given  to  this  accident,  and  it  is  only  fair  to  call 
attention  to  the  fact  that  it  was  due  solely  to  a  hidden  defect  in 
a  steel  forging,  and  was  entirely  independent  of  any  question  of 
design  or  construction  of  the  machine  itself.  Accidents  of  this 
nature  are  so  common  with  reciprocating  engines  that  they  no 
longer  excite  more  than  a  moderate  degree  of  interest.  The 
accident  to  the  turbine  set  caused  no  damage  to  person  or  adja- 
cent property,  which  can  not  be  said  of  many  engine  accidents 
arising  from  a  similar  cause.  The  owners'  order  of  a  duplicate 
set  since  the  accident  is  perhaps  the  briefest  and  the  most 
forcible  explanation  of  the  matter  that  could  be  made. 

HENRY  E.  LONGWELL. 

No,  20. —  What  is  the  steam  consumption  in  pounds  per  hp-hour 
in  steam-driven  turbines  operating  against  a  back  pressure  of  from  five 
to  seven  pounds ;  initial  pressure  at  the  throttle^  1^0  pounds  to  ij^ 
pounds  1 

Steam  consumption  in  steam-driven  turbines  is  not  based 
upon  pounds  per  hp-hour,  as  there  is  no  way  of  indicating. 
The  performance  of  the  steam  turbine  in  general  is  as  good  as 
that  of  the  best  type  of  engine  for  the  same  conditions. 

W.  S.  BARSTOW. 

The  steam  consumption  in  pounds  per  brake  hp-hour,  with 
steam-driven  turbines  operating  against  a  back  pressure  of  five 
pounds  and  with  initial  steam  pressure  of  150  pounds,  was 
recently  given  u$  by  a  prominent  manufacturer  as  between  34 
and  36  pounds.  Operating  under  these  conditions,  special 
arrangements  have  to  be  made  to  keep  the  oil  in  the  bearings. 
With  steam  turbines  it  seems  to  be  essential  to  maintain  a  high 
vacuum  to  obtain  good  efficiency.  EDITOR. 

I  do  not  know  of  any  direct  experiment  that  has  ever  been 

made  to  determine  this  point.     We  have  a  good  knowledge  of 

the  steam  consumption  of  turbines  exhausting  against  atmps- 

'pheric  back  pressure,  and  also  of  condensing  turbines  running 
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under  various  conditions  of  vacuum.  From  the  data  obtained 
we  can  estimate  with  full  confidence  what  results  are  to  be 
expected  under  unusual  conditions. 

A  turbo-generating  set  will  transform  from  50  per  cent  to 
52  per  cent  of  the  total  available  energy  of  the  steam  into  elec- 
trical energy.  For  example  :  A  pound  of  dry  saturated  steam 
working  between  limits  of  150  pounds  initial  pressure  and  a 
vacuum  of  28  inches,  has  322  B.T.U.  available  for  doing  work. 

« 

The  heat  equivalent  of  a  hp-hour  is  2545  B,T.U.,  and  conse- 
quently the  steam  consumption  of  a  perfect  engine  would  be  7.6 
pounds  per  hp-hour.  An  actual  engine  converting  50  per  cent 
of  the  available  energy  into  work  would  therefore  require  15.2 
pounds  per  electrical  hp-hour,  which  agrees  closely  with  actual 
tests. 

A  pound  of  dry  saturated  steam  working  between  limits  of 
150  pounds  initial  pressure  and  atmospheric  back  pressure,  has 
173.5  B.T.U.  available  for  conversion  into  work.  The  ideal 
steam  consumption  is,  therefore,  14.7  pounds  per  hp-hour. 
Assuming,  again,  an  efficiency  of  50  per  cent,  the  actual  steam 
consumption  would  be  29.4  pounds  per  electrical  hp-hour.  As  a 
matter  of  fact,  as  the  difference  of  pressure  between  admission 
and  exhaust  grows  less,  the  total  efficiency  improves  slightly, 
and  in  the  case  of  atmospheric  exhaust  the  actual  steam  con- 
sumption is  nearer  29  pounds.  Making  a  similar  calculation 
for  seven  pounds  back  pressure,  the  initial  pressure  remaining 
the  same,  we  find  149  B.T.U.  available  in  each  pound  of  steam, 
corresponding  to  an  ideal  consumption  of  17  pounds  and  an 
actual  consumption  of  not  more  than  34  pounds,  with  a  strong 
probability  that  it  will  not  exceed  ^^  pounds. 

It  must  be  understood  that  the  results  given  above  are  only 
for  turbines  designed  especially  for  the  given  conditions.  It  is 
impossible  that  a  turbine  designed  to  give  the  bpst  results  ifcben 
running  with  a  high  vacuum  should  give  reasonably  good  per- 
formance when  exhausting  against  seven  pounds  bftck  pressure. 
Conversely,  a  turbine  designed  for  opening  against  s^ven  pounds 
back  pressure  would  give  very  indifferent  results  whep  run  con- 
densing. The  case  is  exactly  analagous  to  that  of  the  coo^pound 
engine.  We  can  build  an  efficient  condensing  engine  which  is 
not  at  all  adapted  for  exhausting  against  seven  pounds  back 
pressure,  and  we  can  build  a  very  excellent  engine  for  Qpcira^ing 
against  seven  pounds  back  pressure  which  would  no),  have  a 
very  creditable  record   when  run  condensing.     Wc  cpuld  i^lso 
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build  either  a  turbine  or  a  compound  engine  of  a  sort  of  mongrel 
type  that  would  be  neither  very  good  nor  very  bad  under  either 
extreme  condition  of  operation. 

I  suspect  that  this  question  is  prompted  by  some  one  who 
is  interested  in  the  problem  of  utilizing  the  exhaust  steam  from 
a  central  station,  under  a  considerable  back  pressure,  for  steam 
heating  in  winter,  and  still  being  able  in  summer  to  operate 
condensing  with  the  highest  degree  of  economy.  If  this  be  the 
case,  it  might  be  pertinent  to  add  that  there  is  no  type  of 
engine,  either  reciprocating  or  turbine,  that  with  the  advent  of 
the  heating  season  can  be  easily  and  quickly  altered  into  an 
efficient  non-condensing  machine  and  as  readily  put  back  into 
its  original  condition  when  the  summer  season  is  on.  It  is  my 
belief  that  the  turbine  principle  can  be  satisfactorily  employed 
in  the  design  of  such  an  engine,  and  if  the  demand  were  suffi- 
ciently great  to  warrant  the  necessary  development  work,  and 
if  manufacturers  could  get  a  little  ahead  of  the  demand  for 
turbines  of  standard  design,  there  is  every  probability  that  such 
a  machine  would  soon  be  an  accomplished  fact. 

HENRY  E.  LONGWELL. 

No.  21,-^-  What  is  the  best  dressing  for  leather  belts,  and  what  is 
the  proper  method  of  applying  it  ? 

We  can  not  say  what  is  the  best  dressing  for  belts,  but  very 
little  of  any  kind  is  necessary. 

PERRY  ELECTRIC  LT.,  HEAT  AND  POWER  CO. 

In  our  opinion,  the  best  dressing  for  leather  belts  is  a  sub- 
stance that  will  work  into  the  pores,  rendering  the  belt  pliable 
and  impervious  to  moisture.  Most  of  the  belt  dressings  on  the 
market  are  simply  sticky  substances  that  remain  on  the  outer 
surface,  collect  dust  and  make  the  belt  stiff.  In  the  long  run 
these  do  the  belt  greater  injury  than  if  it  were  used  without 
dressing  of  any  kind.  S.  S.  INGMAN. 

Two  gallons  of  castor  oil  and  two  gallons  of  neatsfoot  oil, 
mixed.  Run  the  belts  slowly  and  apply  the  dressing  on  the 
face  until  thoroughly  soaked.  Let  them  dry  for  about  three 
hours.     Keep  the  back  of  the  belt  clean  with  a  brush. 

THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 
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We  have  obtained  better  results  from  the  tanner's  oil  dress- 
ing than  from  anything  we  have  tried.  It  keeps  the  belt  soft 
and  pliable  when  applied  warm  (at  a  temperature  of  120  to  140 
degrees)  with  a  bunch  of  cloth  or  waste,  well  rubbed  into  the 
leather.  Four  treatments  annually  will  be  sufficient  to  keep 
the  belt  in  good  condition  if  it  is  located  in  a  dry  room  where 
there  is  little  dust.  JAS.  E.  PYLE. 

One  part  neatsfoot  oil  and  one  part  mutton  tallow.  Warm 
and  stir  together.  Stir  one  way,  as  in  making  starch.  After 
cooling,,  apply  to  belt  lightly.  FRED.  B.  SH ARPE. 

As  the  only  object  of  a  belt  dressing  should  be  to  soften  the 
leather,  neatsfoot  oil,  or  a  preparation  similar  in  nature,  is 
unquestionably  the  best  to  use,  applying  a  little  at  a  time  with 
a  sponge,  while  the  belt  is  running  slowly.  Keep  all  the  sticky 
dressings  from  leather  belts  that  are  in  good  condition.  On  old 
belts,  which  have  lost  their  natural  qualities,  it  is  often  neces- 
sary, and  advisable,  to  use  such  a  dressing  in  order  to  prevent 
slipping.  Don't  figure  the  width  of  belts  too  closely  ;  a  dollars' 
worth  of  liberality  in  this  direction  is  anything  but  extravagance. 

'  CHAS.  H.  PETERS. 

We  find  that  good  neatsfoot  oil  is  the  best  belt  dressing  one 
can  use.  Apply  it  with  a  brush  at  frequent  intervals,  and  only 
in  small  quantities ;  just  enough  to  prevent  the  belts  from 
becoming  hard  and  cracking.  W.  J.  TROTT. 

J\\\  -?-\ — //«»:«•  s^'i-i'ii/ii  Mts  rt-  ,'leant.j\  «7//«/*  what  will pm^ent  them 
/rem  siif'fini:  f 

The  question  of  cleaning  belts  depends  upon  the  material 
01  which  they  are  to  be  cleaned.  Should  they  be  caked  up  with 
an  accumulation  of  dust  and  belt  dressing,  the  best  way  is  to 
scrape  them  with  a  thin  plate  oi  steel  that  is  sharp  enough  to 
remove  the  dirt  luii  not  to  cut  the  leather.  If  a  belt  is  full  of 
machine  oil.  it  can  be  scrubbed  with  a  brush  in  a  naphtha  bath, 
which  will  not  injure  the  bell  in  any  way,  and  afterward  be 
treated  with  a  tanners  oil  dressing  This  treatment  will  prevent 
belts  :ro:u  slipping  v.nloss  very  much  overloaded. 

IAS.  E.  PYLE. 
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Scrape  lightly,  brush  with  stiff  brush  and  gasoline,  and 
wipe  dry.  Keep  the  belt  clean  and  pliable,  and  just  tight 
enough,  and  it  will  not  slip.  If  the  trouble  is  from  the  pulley, 
cover  the  outside  of  the  pulley  with  leather. 

FRED.  B.  SHARPE. 

Belts  that  are  oil-soaked  can  be  cleansed  by  rolling  up 
loosely  and  immersing  for  24  hours  in  a  can  of  naphtha,  the  can 
being  large  enough  to  receive  the  roll  and  provided  with  a  well- 
fitting  lid.  When  dry,  if  the  belt  is  a  good  one,  treat  with  a 
clear  dressing,  free  from  stickiness.  CHAS.  H.  PETERS. 

Immerse  them  in  gasoline  to  take  out  oil  and  grease. 

FRED.  B.  HUBBELL. 

With  belts  driving  200  horse-power  and  less  we  use  paper 
pulleys  on  our  dynamos  and  can  use  the  belts  slack.  Anti-slips 
have  never  done  much  for  us. 

THE  SOUTHAMPTON  ELEC.  LT.  CO. 

No,  2 J. —  What  is  the  best  method  of  making  temporary  repairs  to 
belts  of  16  inches  or  less^  when  time  is  an  object  ? 

We  advocate  the  use  of  small  steel  belt  hooks  that  can  be 
driven  into  the  belt  without  first  making  a  hole,  clinching  them 
on  the  opposite  side.  We  only  use  these  for  temporary  repairs 
that  must  be  made  very  quickly.  As  soon  as  possible,  the 
repair  is  made  permanent  by  splicing  and  gluing.  These 
hooks  should  not  be  used  on  wooden-faced  pulleys  unless  they 
are  well  driven  into  the  belt ;  otherwise  they  will  ruin  the  face 
of  the  pulley.  We  think  they  are  far  superior  to  rivets,  and 
they  are  more  quickly  handled  than  anything  else  we  have  tried. 

S.  S.  INGMAN. 

The  best  way  in  which  to  make  temporary  repairs  to  belts 
16  inches  in  width,  or  less,  is  to  have  the  necessary  equipment 
for  doing  the  work  and  have  your  all-round  mechanic  learn  to 
make  such  repairs  by  properly  joining  and  cementing  the  belts 
when  they  are  out  of  service.  JAS.  E.  PYLE. 

If  you  have  four  hours'  time,  you  can  cement  a  belt  and 
make  a  lasting  job;  if  not,  lace  it.  FRED.  B.  SHARPE. 
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No,  24, — Is  it  good  practice  to  use  the  water  of  condensation 
from  a  surface  condenser  for  boiler  feed  ?  What  precautions  must 
be  taken  to  separate  the  oil  from  the  water  and  to  prevent  the  water 
from  corroding  the  boiler  ? 

The  water  of  condensation  from  surface  condensers  may 
be  safely  used  for  boiler-feed  purposes  if  a  pure  mineral  cylinder 
oil  is  used,  without  any  particular  attention  being  paid  to 
separating  the  oil  from  the  water,  provided  it  is  used  in  return 
tubular  boilers  and  the  boilers  are  cleaned  at  reasonable  inter- 
vals, say  once  in  two  weeks.  This  cleaning  is  not  difficult,  con- 
sisting mostly  of  removing  the  oil  that  adheres  to  the  plates  at 
and  above  the  water  line  and  to  the  tubes  throughout  the  boiler. 
In  the  writer's  opinion  some  further  precautions  are  necessary 
when  the  water  is  to  be  used  in  water-tube  boilers.  Oil  sep- 
arators of  ample  capacity  in  the  exhaust  pipe  between  the  engine 
and  condensers  will,  if  properly  installed,  usually  prove  effective 
and  will  prevent  any  trouble  from  oil  in  the  boilers,  provided 
the  oil  contains  no  animal  or  vegetable  components.  The 
** make-up"  water  which  it  is  necessary  to  supply  usually  con- 
tains sufficient  lime  or  magnesia  to  prevent  corrosion  or  pitting 
in  the  boiler.  PEORIA  GAS  AND  ELECTRIC  CO. 

By  using  a  good  quality  of  cylinder  oil  that  contains  no 
animal  oil  and  by  using  a  good  oil  extractor,  the  water  of  con- 
densation can  be  used  for  boiler  feed.  It  is,  so  far  as  I  know, 
impossible  to  remove  all  of  the  oil,  but  a  slight  trace  of  purely 
mineral  oil  does  not  seem  to  injure  the  boiler  in  any  way. 

VV.  M.  CRAIG. 

It  is  good  practice  to  use  the  water  of  condensation  from  a 
surface  condenser  for  boiler  feed,  provided  oil  is  taken  out  of 
the  water  before  it  is  used.     Thus  far  there  have  been  very  few 

cases  of  this  being  successfully  done.  W.  S.  BARSTOW. 

• 

This  is  good  practice  where  the  water  is  muddy  or  impure. 
A  first-class  separator  may  be  used  to  separate  the  oil  from  the 
exhaust  steam,  or  a  gravity  system  may  be  used  to  separate  it 
from  the  water  after  condensing.  Usually,  enough  fresh  water 
must  be  introduced  to  make  up  for  that  lost  in  the  separator 
and  by  leaks,  to  prevent  pitting.  If  the  feed  water  is  so  pure 
that  this  will  not  suffice,  it  is  hardly  necessary  to  use  the  water 
of  condensation.  C.  C.  GILES. 
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Yes,  if  a  good  oil  separator  and  filter  are  used. 

W.  B.  BLOXHAM. 

No,  2§, — Have  compound  dynamos  any  advantages  over  shunt 
machines  when  run  by  water-power  without  governor  f 

Our  experience  with  any  machine  running  from  an  ungov- 
erned  water-wheel  would  lead  us  to  say  without  hesitation  that 
a  shunt-wound  machine  would  give  about  as  good  regulation — 
probably  quite  as  good — as  a  compound-wound.  Any  increase 
or  decrease  of  load  tends  to  slow  up  or  speed  wheel,  and  a  com- 
pound winding  would  aggravate  this  trouble. 

GEO.  B.  LAUDER. 

No;  as  variable  speed  will  prevent  compound  dynamos 
from  compounding  properly.  W.  S.  BARSTOW. 

An  over-compounded  dynamo  should  have  a  distinct 
advantage  over  a  shunt  machine  when  run  on  water-power  with 
poor  regulation,  as  any  increase  in  load  causing  the  speed  to 
drop  could  be  compensated  for  by  properly  over-compounding. 
This  arrangement  with  several  machines  in  parallel,  if  the 
various  wheels  driving  them  will  not  regulate  together,  might 
get  you  into  rather  serious  difficulties ;  but  if  the  water-wheels 
were  all  tied  together  mechanically  they  would  probably  be  all 
right.  THE  EDISON.  ELEC.'lLL'G  CO.  OF  BOSTON. 

Yes ;  if  run  alone.  They  have  a  disadvantage  if  run  in 
parallel.  P.  T.,  N.  Y.  ED.  CO. 

No.  26. —  What  is  being  done  with  regard  to  the  operation  of 
alternators  in  parallel  direct-connected  togas  engines  for  central-station 
work  ?  Are  there  at  the  present  time  any  successful  foreign  or  Ameri- 
can plants  of  this  description  in  operation  ?  If  so^  have  any  of  the 
members  information^  which  they  are  willing  to  impart^  as  to  their  suc- 
cess or  failure  ? 

Some  of  the  companies  with  which  I  am  connected  are  run- 
ning alternators  in  parallel  driven  by  gas  engines  by  belt.  I 
have  investigated  the  question  rather  thoroughly  and  am  pretty 
well  satisfied  that  parallel  operation  could  be  successfully 
secured  by  direct-connecting  by  means  of  a  flexible  coupling. 

HENRY  L.  DOHERTY. 
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We  find  no  trouble  in  running  in  parallel — only  a  little 
stricter  attention  to  regulator  boy.  W.  B.  BLOXHAM. 

No.  2j, — Are  not  the  advantages  of  the  parallel  operation  of 
alternators  in  a  small  station  more  than  offset  by  the  increased  care  and 
attention  required  1 

I  should  say  yes  to  this  question.  We  have  a  350-kw  and  a 
5oo-kw  generator,  direct-driven.  When  first  installed  we  ran 
them  in  multiple,  but  we  found  that  the  advantage  was  not 
worth  the  trouble  and  we  therefore  discontinued  it. 

F.  ELLWOOD  SMITH. 

We  consider  the  advantages  of  parallel  operation  of  alterna- 
tors in  a  small  station  impractical,  on  account  of  the  increased 
care  and  attention  necessary.  S.  S.  INGMAN. 

We  believe  that  when  it  is  possible  to  secure  a  fairly  even 
drive  for  alternators  it  is  decidedly  better  to  parallel  them  than 
to  jerk  the  load  about  with  every  different  combination.  We 
run  engine-driven  and  water-wheel-driven  alternators  together, 
and  could  not  ask  for  a  better  combination.  With  proper  care 
of  governors  and  with  belted  machines,  it  is  a  simple  matter  to 
place  your  load  just  where  you  most  wish  it. 

.  CHARLES  G.  BELL. 

When  the  method  is  understood,  there  is  no  more  care 
required  in  operating  alternating  machines  in  parallel  than 
otherwise,  and  not  so  much  expense,  while  it  has  the  advantage 
of  better  regulation.  In  many  cases  it  also  requires  less  wire, 
as  you  do  not  have  to  run  a  separate  circuit  for  each  machine. 
It  has,  furthermore,  the  advantage  of  flexibility,  in  more  nearly 
distributing  the  load  economically  on  the  engines.  It  is  also 
more  reliable.  For  example  :  suppose  you  have  three  machines 
of  500-light  capacity,  and  the  total  load  has  been  reduced  by  9 
p.m.  to  icoo  lights:  No.  i  has  400;  No.  2,  300;  No.  3,300.  If 
one  should  give  out.  neither  one  of  these  would  carry  the  load 
of  the  crippled  machine,  so  some  one  would  be  in  the  dark  ;  but 
vou  would  only  have  enou}2:h  to  load  two  machines,  and  if 
Operating  in  parallel  you  would  just  have  an  economical  load 
and  the  service  would  be  perfect.  Suppose  the  same  conditions 
to  exist  and  all  machines  in  good  condition  ;    you  shut  down 
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one  as  soon  as  the  other  one  will  carry  the  load,  and  by  so  doing 
save  the  friction  of  one  unit,  also  leaving  the  other  operating 
at  the  highest  efficiency.  In  case  more  machines  are  used,  the 
above  facts  become  of  still  more  importance.  Some  may  object 
on  account  of  machines  in  their  plant  being  of  different  sizes, 
but  this  makes  only  little  difference,  as  it  is  easy  to  adjust  each 
machine  to  take  its  proportion  of  the  load.  Suppose  a  number 
of  lights  to  be  installed,  the  machine  on  that  line  already 
loaded,  by  paralleling  each  machine,  will  assist,  otherwise  a 
separate  line  must  be  run.  'H.  A.  HAMPTON. 


If  the  alternators  are  direct-coupled  or  each  belted  to  an 
independent  engine,  parallel  operation  makes  it  possible  to  get 
very  much  more  economical  engine  performance.  With  parallel 
operation  the  load  can  be  shifted  and  divided  evenly,  thus 
requiring  less  generator  capacity  for  a  given  load  on  station. 

In  most  cases  of  driving  alternators  from  long-line  shafting, 
the  latter  advantages  only  would  obtain,  and  under  some  condi- 
tions might  not  be  sufficient  to  warrant  any  extra  provision 
being  made  for  parallel  operation.  In  the  large  majority  of 
properly  designed  small  and  medium-sized  plants,  parallel  oper- 
ation of  a  limited  number  of  units  requires  no  additional  care, 
and  is  highly  desirable  from  the  standpoint  of  economy  of  oper- 
ation, reliability  of  service,  and  investment  required  in  apparatus 
for  a  given  load  on  station.  P.  JUNKERSFELD. 

We  believe  that  less  care  and  attention  is  required  by 
operating  alternators  in  parallel  in  a  station  of  any  size  than 
where  generators  are  run  singly  ;  they  have  got  to  be  watched, 
and,  wheii  load  increases,  circuits  have  got  to  be  transferred. 
With  proper  engines  and  generators  and  switching  apparatus, 
it  is  just  as  simple  to  run  alternators  in  parallel  as  direct-current 
machines.  There  is,  of  course,  a  great  gain  in  the  service  by 
doing  away  with  the  switching  of  separate  feeders. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

With  a  station  properly  designed  and  equipped,  much 
greater  economy  can  be  obtained  by  parallel  operation  of 
alternators,  both  in  labor  and  in  coal. 

W.  F.  W.,  N.  Y.  ED.  CO. 
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For  plants  of  200  lights  and  tinder,  the  series-alternating 
arc  system  is,  in  our  opinion,  cheaper  than  motor-driven  arc 
machines,  and  for  larger  plants  it  famishes  an  alternative 
worthy  of  consideration.  Special  conditions,  however,  have 
much  to  do  with  this,  as  with  many  other  matters  connected 
with  the  lighting  business. 

THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

•  •  ■  * 

No  economy  would  result  from  driving  arc  machines  by 
motors  except  under  extreme  conditions.  A  good  line  shaft  has 
a  higher  efficiency  than  an  electric  motor,  but  the  average  line 
shaft  has  a  lesser  efficiency.  Direct  belting  to  a  good  engine  in 
driving  arc  machines  will  generally  give  a  much  lower  cost 
than  could  be  secured  by  motor  driving.         W.  J.  BARKER. 

Under  some  conditions,  yes;  under  others,  no.  Assuming 
that  direct-current  series  arc  lighting  is  required,  then  the  cost 
per  kw-hour  at  arc-light  switchboard  from  motor-driven  arc 
machines  supplied  from  large  engine-driven  units  must  be 
enough  lower  than  when  driven  from  small  engines,  or  line 
shafting,  to  allow  ample  margin  for  interest  and  depreciation 
on  extra  investment  required.  In  general,  with  long-time  con- 
tracts stipulating  direct-current  and  with  arc  load  less  than  30 
to  35  per  cent  of  total  load  on  station,  motor-driven  arc  machines 
may  prove  an  economical  arrangement. 

P.  JUNKERSFELD. 

In  a  small  station  where  machines  are  directly  driven  by 
engines,  without  the  intervention  of  countershafts,  no  advantage 
is  to  be  derived  by  driving  arc  machines  by  motors.  With  the 
introduction  of  main  or  countershaft  for  driving  a  number  of 
machines,  the  use  of  motors  for  driving  individual  sets  of 
machines'becomes  preferable  and  in  many  cases  more  economi- 
cal, as  it  is  only  necessary  to  operate  the  proper  number  of 
machines  required  at  all  times.  From  the  standpoint  of  insur- 
a  nee  of  service,  the  motor-driven  sets  are  the  most  reliable, 
inasmuch  as  an  accident  to  a  set  interferes  with  only  a  small 
part  of  the  service,  while  accidents  to  a  main  shaft  will  often 
result  in  a  serious  and  expensive  shut-down.  There  is  no 
question  that  the  motor-driven  sets  entail  a  higher  first  cost. 
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but  the  results  obtained  more  than  offset  this  in  the  long  run, 
and  more  can  be  realized  on  such  an  installation  than  on  a 
belted  one  if  offered  for  sale. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  efficiency  of  drive  in  direct-coupled  motor-generator 
sets,  consisting  of  a  motor  coupled  to  an  arc  machine,  is 
approximately  95  per  cent.  The  efficiency  of  drive  of  a  belt- 
driven  arc  machine,  assuming  that  this  is  done  through  a 
countershaft,  will  not  exceed  85  per  cent.  The  first  cost  of  a 
motor  drive  is  very  much  higher  than  that  of  a  belt  drive.  The 
great  advantage  lies  in  the  great  saving  of  floor  space  and  in 
the  fact  that  the  arc  machine  can  be  located  in  substations  at 
such  a  point  as  will  give  the  most  economical  distribution  of 
conduits  and  cables.  H.  G.  STOTT. 

The  efficiency  of  such  a  set,  comparing  the  input  to  the 
motor  with  the  output  of  the  arc  machine,  is  about  75  per  cent. 
As  the  efficiency  of  a  first-class  arc  machine  is  about  85  per  cent, 
this  would  indicate  a  loss  of  about  12  per  cent  in  motor.  The 
principal  advantage  of  the  system  is  its  flexibility,  which  makes 
it  possible  to  distribute  the  load  as  required  among  generators 
used  for  other  purposes  as  well.  The  resulting  station  economy 
is  certainly  greater  than  would  be  indicated  by  the  mere  loss  in 
motor  as  compared  with  loss  in  belting  and  shafting. 

EDITOR.* 

There  is  no  direct  economy  except  from  considerations  of 
value  of  (a)  space,  (S)  location  of  generating  station  in  relation 
to  distributing  centre,  {c)  supplying  all  services  from  single  type 
of  generating  apparatus,  and  so  forth. 

P.  T.,  N.  Y.  ED.  CO. 

JV^,  2p. —  IVAa/  can  be  done  to  make  high-tension  switchboards 
more  accessible  for  cleanings  repairs^  and  general  maintenance  7vhile  in 
eanstqnt  operation  ? 

Special  attention  on  the  part  of  the  switchboard  engineer  to 
the  following  points  will  perhaps  lead  to  the  desired  result : 

Thorough  insulation  of  all  exposed  parts  carrying  current. 

Length  and  number  of  high-tension  conductors  reduced  to 
a  minimum. 
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The  arrangement  of  the  above  with  reference  to  one  aoother. 

The  use   of   current    and     potenlial    transformers    for 
instruments. 

Rheostats  mounted  at  a  distance,  as  in  the  basement. 

Subdivision  of  the  board  into  sections. 

These  suggestions  apply,  of  course,  only  to  boards  of  ^ 
ordinary  type.  PEORIA  GAS  AND  ELECTRIC  CO,l 

Install  the  switchboard  on  the  double  'bus-bar  system,  using 
duplicate  switches  for  all  feeders  and  generators,  as  by  this 
method  it  is  at  all  limes  convenient  to  have  either  half  of  the 
apparatus  on  the  board  dead  for  cleaning  and  repairing  pur- 
poses without  any  interruption  of  service.  The  use  of  flameproof 
wire  having  ample  insulation  for  the  pressures  to  be  handled 
and  the  covering  of  all  'bus-bars  and  exposed  live  parts,  will  aid 
greatly  in  attaining  the  desired  end,  Tiie  most  important  point, 
however,  is  the  use  of  a  sufficient  amount  of  space  on  and 
around  the  board  to  allow  the  proper  placing  and  insulating  of 
all  apparatus  without  crowding. 

THE  EDISON   ELEC.  ILL'G  CO.  OF  BOSTON. 

All  high-tension  boards  in  constant  operation  should  be 
designed  so  that  a  part  can  be  shut  down  entirely.  The  manner 
in  which  this  can  be  done  depends  largely  on  the  arrangement 
of  generating  units,  feeders,  circuits  or  transmission  lines.  Two 
of  the  general  schemes  might  be  called  the  "  duplicate  'bus-bar" 
and  "sectional  'bus-bar"  arrangement.  Ample  allowance  of 
space  for  all  switching  apparatus  and  a  complete  and  carefully 
worked-oul  design,  conforming  fully  to  local  requirements  and 
providing  for  future  extension  and  possible  changes,  are  of 
prime  importance.  P.  JUNKERSFELD. 


Nothing,    except   i 
around  the  parts. 


-eful 


and    plenty    of   space 
W.  S.  BARSTOW. 


There  should  be  no  such  thing  as  a  high-tension  switch- 
board. All  high-tension  apparatus  should  be  in  separate  brick 
compartments  for  each  phase,  the  switchboard  containing  only 
low-tension  instruments  on  secondaries  of  potential  and  current 
transformers.  H,  G.  STOTT. 


High-tension  switchboards  should  be  laid  out  with  plenty 
of  room  and  greater  distances   between   instruments,  switcl 


and  terminals  ;  plenty  of  room  should  also  be  allowed  between 
the  back  of  the  board  and  the  wall.  If  ihis  precaution  is  taken, 
high-tension  boards,  as  high  as  2,000  volts,  can  be  safely  handled 
while  alive  by  using  a  well-insulated  platform  to  stand  upon, 
taking  the  precaution  to  ground  the  live  part  to  the  platform 
before  starting  operation.  Cleaning  high-tension  switchboards, 
accumulation  of  dust,  dirt,  etc.,  can  be  accomplished  by  using 
compressed  air.  A  very  good  compressor  with  a  motor  can  be 
obtained  for  about  S175  that  will  serve  this  purpose  very  well, 
using  a  one-sixteenth-inch  opening  in  the  nozzle.  The  air 
should  be  compressed  at  So  pounds  pressure  per  square  inch 
and  then  heated  by  passing  it  through  a  hot  coil  to  thoroughly 
dry  the  air  and  insure  its  being  free  from  moisture.  The  accu- 
mulation of  dust  or  dirt  on  a  high-tension  swilchboard  is  a  cer- 
tain cause  for  leakage  current.  C.  O.  POOLE. 

So  subdivide  the  board  that  each  section  or  panel  can  be 
disconnected  from  the  rest  of  the  board  during  period  of  light 
load  for  systematic  cleaning  and  repairs.  The  amount  of  clean- 
ing necessary  can  be  greatly  decreased  by  surrounding  the  con- 
ducting and  insulating  parts  of  the  switchboard  with  dust- 
proof  inclosures.  W.  F.  W.,  N.  Y.  ED.  CO. 

Remove  all  possible  apparatus  from  the  rear  of  the  board, 
such  as  oil  switches  and  rheostats,  by  mounting  the  same  on 
the  wall  or  in  the  basement.  Separate  'bus-bars  and  other  wir- 
ing as  far  as  possible  and  leave  as  much  space  as  possible  behind 
the  board.      Provide  compressed  air  for  cleaning  purposes. 

J.  H.  PERKINS. 

No.  JO. —  IVhal  success  has  been  met  mith  in  ike  use  ef  voitage 

regulators,  especially  on  circuits  for  pmver  as  well  as  lights  ?  Is  there 
one  that  can  be  relied  upon  to  take  care  of  speed  variations  of  five  per 


We  operate  our  power  and  lights  from  the  same  sets  of 
nsformers  very  successfully  by  using  a  Tirrell  regulator.  We 
:ommend  it  highly.  GEO.  B.  LAUDER. 


We  have  three  stations  i 
water  stations  and  one  steam 
each  of  the  circuits  from  the  s 


connection  with  our  plant;  two 
We  use  potential  regulators  in 
distribution.    -We 
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have  two  light  circuits  and  one  power  circuit  from  the  steam 
station,  and  in  each  of  these  circuits  we  have  the  high- potential 
regulators  and  we  find  that  they  give  entire  satisfaction.  The 
water  stations  deliver  their  current  to  the  switchboard  of  the 
steam  station.  These  three  stations  are  worked  in  multiple. 
We  have  a  300-kw  three-phase  alternator  in  the  steam  station 
and  another  of  the  same  kind  and  size  in  one  of  the  water  sta- 
tionSy  and  a  150-kwof  the  same  type  in  the  other  water  station. 
One  of  these  water  stations  is  about  three  miles  and  the  other 
about  three  and  one-half  miles  from  the  steam  station.  We 
have  no  trouble  in  working  these  machines  in  multiple,  and  with 
little  attention  the  regulators  take  care  of  the  light  and  power 
circuits  with  a  variation  of  about  four  per  cent  in  speed. 

(UNSIGNED.) 

Some  automatic  voltage  regulators  for  light  and  power  cir- 
cuits are  in  use,  and  they  take  care  of  fluctuations  in  pressure 
up  to  the  limit  of  their  transformer  capacity,  which  is  about 
seven  per  cent  above  or  below  the  normal  working  point.  They 
have  been  in  commercial  operation  a  little  less  than  a  year,  but 
have  demonstrated  that,  having  sufficient  generating  and 
regulating  capacity,  it  is  practicable  with  fluctuating  motor 
loads  to  maintain  a  nearly  constant  potential  *at  the  particular 
point  on  circuit  for  which  the  compensator  device  on  regulator 
is  adjusted.  These  regulators  are  in  service  on  the  four-wire, 
three-phase  overhead  system  of  the  Commonwealth  Electric 
Company.  P.  JUNKERSFELD. 

(a)  Indifferent  success. 

{d)  Yes,  if  change  of  speed  does  not  occur  in  less  time 
than  is  required  for  field  to  meet  it. 

P.  T.,  N.  Y.  ED.  CO. 


.\'t».  ji. — 0/  wh^ir  s^ou/S  the  testing  outfit  consist  in  a  small 
central  station  supplying  direct  current  tor  arcs  cutd  aUematit^  cur- 
rent f'or  incanJesccnts  /      ll'hat  uoulJ  Ar  tAc  cost  f 

The  testing  ouint  should  consist  of  a  lamp-testing  watt- 
meter, a  portable  wattmeter,  a  portable  voltmeter,  a  portable 
ammeter,  a  stop- watch  and  a  photometer.  Tiie  cost  not 
dctiniicij  known,  but  about  $250.  A,  O-  FRETZ. 
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when  testing.  The  accompanying  cut  shows  the  arrangement 
with  the  case  open,  showing  the  little  shelf  with  hook  to  attach 
to  meter  base,  and  the  magnet-adjusting  wrench. 

The  contents  of  the  case  are  as  follows  :  One  Weston  volt- 
meter ;  two  scales,  one  reading  o  to  150  and  the  other  reading 
o  to  300  ;  one  railli-animeler  with  shunts,  1.5,  15  and  75  amperes. 
Adjoining  the  voltmeter  is  a  small   box  for  carrying  the  Thorn* 
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t,  meter  seals,  and  other  sundries  ;  the 
ceptacle  for  the  stop-watch,  extra  plugs, 
;  found  necessary  in  testing  and  adjust- 
ing meters.  On  ihe  opposite  side  of  the  case  there  is  a 
receptacle  for  the  books  and  blank  paper,  a  receptacle  (or  the 
sealing  tool  ajid  magnet  wrench,  and  a  larger  space  to  carry  the 
flexible  cables,  voltmeter  cords,  and  a  small  Davidson  syringe 
for  cleaning  commutators  This  outfit,  including  everything. 
cost  $220,50,  and,  as  equipped,  is  suited  for  direct-current  work 
only. 

For  alternating-current  testing  we  use  a  Thomson  inclined 
coil,  direct-reading  portable  wattmeter  and  a  Weston  alternating 


I        coil,  direct-re; 
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voltmeter,  which  instruments  take  the  place  of  the  direct-cur- 
rent instruments  as  shown  in  the  carrying  case,  taking  out  the 
direct-current  shunt,  using  the  same  cables  and  voltmeter  cords. 
The  alternating  set  cost  $97.50. 

In  connection  with  the  above,  we  have  three  banks  of  test 
lamps,  which  are  carried  with  the  outfit  to  make  a  fixed  load  on 
the  meter  to  be  tested.  E.  B.  GREENE. 

Ammeters,  voltmeters  and  indicating  wattmeters  of  suitable 
capacities  to  suit  the  capacity  of  the  various  generators  and 
feeders  in  the  station.  The  prices  of  such  instruments  vary 
with  capacities,  and  it  is  sug^gested  that  the  catalogues  of  the 
manufacturers  will  give  this  information  accurately.  Cost 
should  be  under  $500. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

D.  C.  and  A.  C.  standard  voltmeters 
**  *'  *'  ammeters 

**  *'  ''  wattmeters 

Stop-watch 

Set  of  incandescent  lamps  (standardized  for  amperes  at 
given  volts) 

Station  photometer 

Set  of  candle-power  standard  lamps 

Magneto  and  bell 

Bridge  testing  set,  for  testing  out  circuits 

For  highest  accuracy  station  potentiometer  with  standard 
cells  would  also  be  needed. 

The  cost  of  the  above  outfit  will  be  determined  by  the 
extent  and  quality  of  instruments  purchased. 

T.  W.  v.,  N.  Y.  ED.  CO. 

A'o.  J2. —  Willi t  is  the  opinion  of  the  association  regarding  storage 
batteries  after  they  have  been  in  operation  three  or  four  yearSy  under 
conditions  of  moderate  use,  as  compared  with  the  efficiency  when  first 
installed  / 

Replying  to  your  request  to  answer  this  question,  I  would 
say  that  the  word  "efficiency"  is  used  so  often  in  connection 
with  storage  batteries  where  capacity  is  meant,  that  I  feel  that 
what  you  desire  to  know  is  whether  or  not  there  is  a  marked 
change  in  capacity  after  batteries  have  been  in  service  for 
some  time. 
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As  a  matter  of  fact,  there  is  practically  little  or  no  change 
in  efficiency.  Possibly  a  little  sulphate  may  accumulate,  raising 
the  internal  resistance  slightly,  but  the  effect  of  this  on  the  watt 
efficiency  of  a  battery  is  practically  negligible.  The  capacity^ 
however,  decreases  with  the  age  and  number  of  discharges  of 
any  cell.  The  capacity  of  the  positive  plate  decreases  slightly, 
due  to  the  gradual  accumulation  of  sulphate  clogging  the 
pores,  and  to  loss  of  active  material.  This  active  material  lost 
is  in  part  replaced  by  the  electro-chemical  action  in  the  battery 
itself,  and  the  positive  plate  does  not  begin  to  lose  capacity 
until  after  the  fourth  or  fifth  discharge.  These  remarks  refer  to 
pasted  plates. 

Plant6  positive  plates  gradually  increase  in  capacity  with 
use,  up  to  the  point  where  the  working  away  of  active  material 
frpm  the  ribs  and  exposed  surfaces  begins  to  cause  a  decrease 
in  the  available  active  surface,  after  which  the  capacity  will 
decrease. 

Negative  plates  of  either  type  of  battery  continue  to 
decrease  in  capacity  from  the  time  they  are  in  service,  and  no 
reforming  action  takes  place  at  this  electrode.  Consequently 
the  negative  plates  are  always  made  with  an  excess  of  capacity 
over  that  of  the  positives  (in  practice,  from  40  to  60  per  cent), 
and  it  is  intended  that  a  set  of  negative  electrodes  shall  not  lose 
enough  capacity  to  bring  them  down  to  the  capacity  of  the 
positives  before  the  two  sets  of  positives  are  worn  out ;  by  this 
time,  the  negative  plates  themselves  have  to  be  renewed.  In 
actual  practice,  we  find  that  as  a  battery  nears  the  end  of  its  life 
its  capacity  decreases  from  10  per  cent  to  25  per  cent  less  than 
the  capacity  when  new.  Of  course,  if  the  use  of  a  battery  be 
sufficiently  prolonged,  the  electrodes  will  finally  disappear  and 
the  capacity  be  reduced  to  zero.  This  has  no  practical  bearing, 
however,  and  the  figures  given  represent  about  the  decrease 
that  may  be  expected  up  to  the  point  where  the  battery  becomes 
practically  useless,  unless  the  plates  be  renewed. 

No  rule  can  be  given,  because  all  the  conditions  upon  which 
this  loss  of  capacity  depends  are  different  in  each  and  every 
plant,  and  depend  on  rates  of  discharge,  number  of  discharges, 
whether  overcharged  or  "  boiled  *'  at  proper  intervals,  density  of 
electrolyte,  temperature  at  which  operated,  the  voltage  down  to 
which  cells  are  carried  on  discharge,  and  other  minor  factors. 

1  trust  that  this  covers  the  question,  and  regret  that  the 
Inherent  characteristics  of  storage  batteries  are  such  that  definite 
•data  can  seldom  be  furnished.  LAMAR  LYNDON. 
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A  battery  that  has  been  installed  for  three  or  four  years 
and  operated  under  conditions  of  moderate  use,  having  from 
the  beginning  had  careful  attendance,  should  continue  to  give 
good  satisfaction  and  its  efficiency  should  be  comparatively 
near  to  its  efficiency  at  the  time  of  installation,  limphasis  must 
be  placed  upon  the  expressions  "moderate  use  "and  "careful 
attendance,"  for  the  length  of  time  a  battery  will  do  good  work 
depends  entirely  upon  the  conditions  of  operation  and  upon  the 
care  given  it.  The  life  of  a  battery  should  not  be  rated  in  terms 
of  years,  for  batteries  are  seldom  operated  under  the  same  con- 
ditions and  the  results  obtained  from  one  may  not  compare  at 
all  with  those  from  another.  As  a  rule,  the  life  of  a  battery  is 
inversely  proportional  to  the  total  number  of  ampere-hours  dis- 
charged, other  conditions  being  favorable. 

The  most  important  factors  in  determining  the  length  of 
time  which  a  battery  will  do  good  service,  are  the  rates  of 
discharge  and  charge,  the  proper  amount  of  charge,  the  tempera- 
ture at  which  the  cells  are  kept,  and  the  care  given  them,  which 
includes  cleaning  the  cells,  watering,  and  protection  from  impur- 
ities in  electrolyte.  The  most  important,  perhaps,  are  the 
amount  of  charge  and  the  cleaning.  As  to  the  charge,  it  is 
absolutely  necessary  that  it  be  brought  up  to  the  right  point  and 
then  stopped,  if  good  capacity  and  long  life  are  desired.  The 
time  to  cut  off  the  charge  must  be  determined  after  the  battery 
has  been  in  operation  a  sufficient  length  of  time  to  adapt  itself 
to  the  work  it  has  to  do.  One  of  the  surest  ways  to  shorten  the 
life  of  the  battery  is  to  overcharge  it  continuously.  The  work 
of  keeping  the  battery  free  from  the  collection  of  growth  on  the 
plates  should  be  carried  on  systematically  and  carefully,  and  an 
inspection,  with  the  aid  of  a  lamp,  of  all  cells  cleaned  should  be 
made  as  soon  after  cleaning  as  possible,  to  make  sure  that  the 
work  was  thorough,  for  many  batteries  have  been  ruined  because 
this  very  important  work  was  neglected.  It  may  be  said,  in 
general,  that  if  the  same  conditions  exist  at  the  end  of  three  or 
four  years  that  made  it  necessary  to  install  the  battery  in  the 
first  place,  and  if  care  has  been  used  in  handling  it,  while  there 
will  have  been  some  plate  renewals  and  some  loss  in  ampere- 
hour  capacity,  the  efficiency  of  the  battery  as  auxilinry  apparatus 
will  be  just  as  high  as  at  the  time  of  installation. 

ERNEST  LUNN. 
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Ordinarily,  if  a  battery  has  received  proper  care  it  should 
be  as  efficient  at  the  end  of  three  or  four  years  as  when  first 
installed.  W.  S.  BARSTOW. 

A  special  test  made  of  a  battery  in  use  over  four  years 
^hows  a  watt  efficiency  and  ampere  efficiency  practically  the 
same  as  when  new.  W.  I.  D.,  N.  Y.  ED.  CO. 

Provided  that  at  the  end  of  three  or  four  years  a  storage 
battery  has  its  original  capacity  and  provided  the  purity  of  the 
electrolyte  is  maintained,  there  is  no  reason  why  a  battery 
receiving  proper  attention  should  not  have  practically  the  same 
efficiency  as  when  first  installed.  If  a  battery  has  lost  capacity 
and  an  attempt  is  made  to  restore  it  by  continuous  overcharging, 
the  efficiency  will  suffer  some  reduction.  If  impurities  are 
introduced  into  the  electrolyte,  Such  as  copper,  chlorine,  iron, 
or  other  metals,  in  harmful  quantity,  the  result  is  a  loss  of 
efficiency  due  to  local  action  upon  the  plates. 

Frequently  a  battery  in  service  three  or  four  years  is  allowed 
to  accumulate  sediment,  either  at  the  bottom  of  the  tank 
enough  to  reach  the  plates,  or  between  the  plates  themselves, 
causing  incipient  short-circuits,  thereby  apparently  decreasing 
the  efficiency.  W.  C.  L.  EGLIN. 

No.  J  J, —  What  are  the  causes  of  hot  bearings^  and  what  are  the 
best  cures  for  same  f 

Hot  bearings  are  usually  caused  by  want  of  oil,  and  some- 
times by  grit  in  the  oil.  The  cure  is  plenty  of  oil ;  in  fact,  the 
bearings  should  be  flooded  if  very  hot,  continuing  the  flooding 
until  cooled  off.  Bearings  will  sometimes  get  hot  from  too 
tight  a  belt.     In  this  case  the  remedy  is^obvious. 

S.  S.  INGMAN. 

• 

The  cause  of  hot  bearings  can  be  reduced  to  three  in 
number :  First,  bearings  too  small* for  the  work  that  is  put  upon 
them.  Second,  poor  construction.  Third,  lack  of  proper  lubri- 
cation. The  second  and  third  are  usually  the  principal  causes  ; 
the  third  oftener  than  either  of  the  others.  We  have  found  that 
in  self-oiling  bearings  provided  with  rings  the  oil  grooves  are 
often  cut  in  such  a  manner  that  the  oil  can  not  distribute 
equally   over    the    bearing   surface.       The    bearings    are   often 
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allowed  to  run  long  enough  without  proper  cleaning  to  cause 
the  oil  grooves  to  become  stopped  up,  thus  preventing  the 
necessary  circulation  of  oil ;  or  the  ring  may  be  prevented  from 
rotating  by  an  accumulation  of  dirt  in  the  oil  reservoir.  But 
more  often  the  oil  is  permitted  to  get  too  low  in  the  bearings  to 
allow  the  rings  to  carry  up  a  sufficient  quantity  on  to  the  shaft. 
In  engine  bearings  the  trouble  is  usually  caused  by  allowing  the 
oil  cups  to  get  empty,  or  by  keeping  the  bearings  too  tight. 

JAS.  E.  PYLE. 

The  chief  causes  of  hot  bearings  are  lack  of  oil,  poor 
alignment,  insufficient  clearance  or  clogging  of  oil  grooves, 
inferior  quality  of  lubricant,  or  grit.  Remedying  any  of  these 
will  usually  remove  the  trouble.  If  the  box  is  a  babbitted  one, 
and  the  babbitt  is  not  all  run  out,  don't  shut  down  entirely,  but 
turn  over  slowly,  meanwhile  cooling  off  with  an  ample  supply 
of  cylinder  oil,  oil  and  white  lead,  or  oil  and  graphite.  If  water 
or  ice  becomes  necessary,  use  with  proper  caution,  remembering 
the  portion  that  needs  contracting.  I  recently  saw  an  engine 
that  was  wrecked  through  the  ignorance  of  a  man  emptying  a 
bucket  of  water  over  a  badly  heated  eccentric ;  the  sudden 
chilling  of  the  strap  caused  it  to  shrink.  It  is  unnecessary  to 
give  further  details.  Just  because  a  bearing  heats  up  and  you 
succeed  in  cooling  it  somewhat,  don't  imagine  further  attention 
is  unnecessary  ;  overhaul  thoroughly. 

CHAS.  H.  PETERS. 

First — Lack  of  oil.  To  cure  this,  wake  up  the  oiler.  To  do 
good  work,  an  oiler  must  be  busy  enough  to  be  alert,  and 
should  be  expected  to  go  over  all  the  bearings  at  regular  inter- 
vals, whether  they  run  well  or  not,  and  to  fill  same-;  in  case  of 
self-oiling  bearings,  to  •look  into  same  and  see  if  rings  are 
turning.  He  should  feel  that  he  holds  a  position  of  great 
responsibility,  in  which  event  he  will  find  his  work — usually  so 
monotonous — much  more  interesting.  If  an  oiler  is  not  trust- 
worthy, he  is  useless.  If  oil  cups  are  used,  be  sure  that  they 
drip  constantly  and  regularly  ;  if  they  do  not  so  operate,  clean 
the  cups  as  soon  as  any  sign  of  trouble  is  noted. 

Second — Rings  not  turning  in  self -oiling  bearings.  Many  rings 
will  not  start  when  the  machinery  is  first  put  in  operation,  and 
any  such  rings  should  have  immediate  attention  and  be  started 
by  prodding  with  a  stick,  which  should  always  be  kept  in  a 
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will  soon  wear  flat  and  hang  on  the  journals,  thereby  giving 
constant  trouble.  If  bearings  are  hot  enough  to  smoke,  use  an 
extra  quantity  of  oil  until  heat  has  been  reduced,  pouring  oil 
directly  on  the  rings,  and  refill  oil  well  with  cool  oil  several 
times,  being  careful  to  pour  oil  in  over  journal  while  the  oil  well 
is  being  refilled.  Apply  a  rag  dipped  in  cool  water  to  outside 
bearing.  In  case  of  automatic  overflow  gauge,  it  is  not  neces- 
sary to  empty  the  oil  well,  but  set  a  bucket  under  overflow  and 
pour  in  cylinder  oil  in  a  stream  until  the  bearing  is  cool ;  then 
pour  engine  oil  until  cylinder  oil  is  all  out  and  clear  oil  over- 
flows into  the  bucket.  If  the  bearing  is  inclined  to  run  warm, 
pour  in  more  oil  at  intervals,  and  dirty  oil  as  well  as  cylinder 
oil  will  go'to  the  bottom  and  overflow,  leaving  the  bearing  full 
of  clean  oil. 

Third — Shafting  out  of  line;  oil  grooves  stopped  up;  bearings 
or  journals  rough  ;  foreign  matter  in  oil  well  or  oil.  Line  up  the 
shaft,  being  careful  to  take  out  both  top  and  bottom  bearings; 
recut  oil  grooves  in  bearings  and  carefully  scrape  and  clean 
same.  Clean  out  the  oil  well  thoroughly  and  refill  with  new  oil 
until  gauge  overflows.  In  case  overflow  gauge  is  used  and 
foreign  matter  is  in  oil,  clean  out  the  filter. 

Fourth — Worn-out  oil.  In  self-oiling  bearings,  the  oil,  being 
constantly  re-used,  becomes  worn  out.  If  an  overflow  gauge  is 
not  used  the  oil  should  be  removed  every  thirty  days.  If  an  over- 
flow gauge  is  used,  a  little  oil  can  be  added  occasionally  and 
the  oil  in  the  well  will  not  have  to  be  renewed  so  frequently  ; 
we  consider  every  three  months  to  be  good  practice. 

Fifth — Inaccessibility  of  some  parts  to  receive  oil.  Among  cases 
of  this  kind  are  certain  parts  of  shaft  governors.  About  the 
only  advice  we  can  give  is  to  oil  all  parts  carefully  immediately 
before  starting  the  engine,  as  a  centrifugal  motion  will  hold  a 
great  deal  of  oil  that  would  soon  drain  off  if  the  engine  was  not 
started  at  once.  Another  part  that  has  caused  considerable 
trouble  is  the  thrust  collar  bearings  on  large  shafts.  Most  manu- 
facturers make  the  same  cap  for  these  bearings  as  they  do  for 
others,  with  hole  inside  of  ring  to  pour  oil  in,  but  no  way  to  get 
the  oil  on  to  the  collar.  Such  an  arrangement  causes  almost 
continual  trouble.  A  simple  and  effective  remedy  is  to  bore  a 
hole  in  the  cap  and  oil  through  this  with  a  sight-feed  oil  cup. 
This  practice  applies  to  cases  where  the  collar  is  in  the  centre  of 
the  bearing. 
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Put  a  can  under  the  gauge  and  the  worn-out  oil  will  settle 
and  flow  out  into  the  can  and  can  be  filtered  and  renewed. 

H.  A.  HAMPTON. 

Hot  bearings  are  usually  caused  by  foreign  gritty  matter 
coming  in  contact  with  bearing  surfaces.  This  bridges  the  film 
of  oil  lying  between  the  shaft  and  bearing,  and  the  foreign 
•matter  is  thus  subjected  to  great  pressure.  This  causes  undue 
friction,  owing  to  the  absence  of  an  oil  film,  also  to  the  small 
surface  exposed  to  so  great  a  strain.  This,  in  turn,  creates  heat, 
resulting  in  the  expansion  of  the  brass  or  babbitt  lining  of  the 
bearing,  efifecting  a  flattening  of  the  arc  of  contact  of  the  bear- 
ing. This  flattening  reduces  the  bearing  surface  to  such  an 
extent  that  it  becomes  inadequate  to  support  the  shaft  with  a 
factor  of  safety,  thus  augmenting  the  friction  coefficient  and 
■crowding  out  the  film  of  oil.  Without  the  oil  film,  the  bearing 
quickly  heats  up  and  particles  of  babbitt  are  dragged  up  by  the 
■shaft,  which  augments  the  healing. 

Hot  bearings  caused  by  grit  or  foreign  matter  are  best 
treated  by  a  liberal  flooding  of  kerosene  oil,  which  washes  out 
the  particles.  This  is  followed  by  a  small  amount  of  white  lead 
cut  in  engine  or  cylinder  oil,  which  is  fed  copiously.  This,  of 
course,  applies  to  bearings  that  are  not  so  far  gone  as  to  have 
melted  down.  Should  a  bearing  become  so  hot  as  to  drop,  it  is 
usually  past  redemption.  In  case  the  machine  can  be  shut 
down,  the  best  course  is  to  wash  out  the  bearing  and  scrape  it 
to  a  clean  finish.  Cleanliness  of  machinery  and  oiling  devices 
are  good  preventives,  and  worth  more  than  cures. 

GUY  C.  GUM. 

Use  graphite.  FRED.  B.  HUBBELL. 

Foreign  matter  in  the  oil  is  the  general  cause.  The  best 
cure  is  to  flush  it  out  with  water. 

THE  EUISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Dirt  and  empty  oil  cups. 

SOUTHAMPTON  ELECTRIC  LIGHT  CO. 

Cii uses  —hack  of  bearing  surface  for  supporting  given 
weight.     Bearing  surface  made  of  poor  material.     Improper  fit 
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or  adjustment  of  boxes.     Improperly  distributed  oil  ways  and 
tubes.    Clogged  oil  tubes.  Unsuitable  oil.    Dirty  oil.   Inattention. 
Cure — Study  each  occurrence  and  apply  remedy  to  remove 
cause.  W.  I.  D.,  N.  Y.  ED.  CO. 

No.  J 4. —  What  is  the  best  method  of  filtering  engine  oil  1 

After  oil  has  been  filtered  through  charcoal  filter,  I  have 
found  that  it  can  be  considerably  revivified  by  heating  to  the 
boiling  point  and  then  covering  up  and  allowing  to  cool  slowly. 

GEORGE  L.  COLGATE. 

We  have  been  operating  our  plant  with  gas  engines  and 
used,  until  recently,  two  iio-hp,  2-cylinder  Otto  gas  engines. 
We  had  considerable  trouble  from  oil  waste,  as  the  drip  from  the 
journals  and  the  cylinder  oil  came  out  in  the  bed  plate  and  ran 
oflf  together.  The  best  method  we  found  for  filtering  this  oil  so 
that  it  could  be  used  again  was  first  to  pour  the  oil  into  an  oil 
filter  and  let  it  run  from  this  into  another  oil  filter.  By  this 
means  the  oil  was  filtered  so  that  it  could  be  used  on  line  shaft 
and  engine  journals.  A.  M.  JONES. 

We  use  an  oil  filter  that  we  have  made  ourselves.  It  is  an 
iron  cylinder,  and  the  oil  is  filtered  through  four  inches  of  waste. 
The  oil  is  carried  into  this  filter  automatically  from  the  engines 
and  the  filtered  oil  runs  automatically  from  the  filter  into  a  lank, 
the  water  also  being  taken  away  automatically.  The  waste  is 
-changed  frequently,  and  we  have  obtained  very  good  results. 

F.  ELLWOOD  SMITH. 

The  best  method  of  filtering  engine  oil  is  to  allow  it  to  pass 
through  canvas  bags,  which  can  be  readily  cleaned,  and  then 
to  pass  through  a  settling  tank  with  baffle  plates  at  a  very  low 
velocity.  H.  G.  STof  T. 

In  my  opinion  the  best  oil  filter  is  one  in  which  the  oil  to  be 
filtered  is  fed  through  a  pipe  that  delivers  it  to  the  bottom  of 
the  tank  and  causes  it  to  pass  up  through  the  filtering  material 
to  get  to  the  top  of  the  water.  There  should  also  be  a  steam 
pipe  run  through  the  filter,  which  should  enter  at  or  near  the 
bottom  and,  passing  up,  leave  the  filter  from  the  side  opposite 
where  it  entered.  This  is  to  keep  the  oil  warm,  as  the  dirt  then 
separates  from  it  more  freely.     Near  the  top  of  this  filter  should 
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be  placed  a  gauge  glass,  also  a  faucet  for  removing  the  oil. 
The  filtering  material  may  be  almost  anything  of  a  more  or  less 
porous  nature  that  will  intercept  and  catch  the  dirt  but  still 
allow  the  oil  to  pass  through.  Hay,  excelsior,  cotton  waste, 
charcoal,  sawdust,  sponges  and  cotton  batting,  are  among  the 
materials  used,  each  of  which  has  its  supporters,  and  each  seems 
to  give  satisfaction.  E.  T.  WALSH. 

The  best  method  might  be  hard  to  determine.  Whatever 
system  is  used,  a  large  settling  tank,  which  will  allow  the  oil 
time  to  stand  for  some  days,  will  be  of  great  assistance  in  the 
work.  The  dirty  oil  should  be  introduced  near  the  bottom  of 
the  tank  and  the  oil  from  the  top  be  taken  for  use.  When  the 
dirty  oil  is  introduced  at  the  top,  as  in  some,  it  keeps  the  whole 
amount  of  oil  in  a  dirty  condition.  E.  W.  FURBUSH. 

We  use  a  filter  which  consists  of  excelsior,  felt  and  cotton 

waste. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Satibfactorv  results  will  be  obtained  with  any  of  the  ordi- 
nary  filters  on  the  market,  provided  attention  is  paid  to  the 
following  points  : 

1.  The  filtering  material  should  be  frequently  cleansed  and 
changed. 

2.  The  oil  should  be  kept  at  a  temperature  of  loo  degrees 
Fahrenheit,  so  that  it  will  have  a  thoroughly  fluid  consistency 
and  will  allow  the  dirt  and  other  foreign  matter  to  settle. 

3.  The  filter  should  not  be  forced  beyond  its  rating. 

W.  I.  D.,  N.  Y.  ED.  CO. 

In  my  experience  I  have  found  that  the  best  results  were 
obtained  by  filtering  the  oil  through  sand.  In  constructing  such 
an  oil  filter  it  should  be  made  of  galvanized  iron,  having  two 
tanks,  one  to  fit  into  and  above  the  other.  In  the  bottom  of  the 
upper  tank  place  about  six  inches  of  best  white  waste,  and  on 
top  of  this  place  twelve  inches  of  clean  white  sand,  as  fine  as 
possible.  This  upper  tank  has  a  quarter-inch  pipe  connected  at 
the  bottom  and  running  to  within  an  inch  of  the  bottom  of  the 
lower  tank,  where  it  is  fitted  with  a  short  return  bend.  Fill  the 
lower  tank  two-thirds  full  of  water,  at  which  point  place  a  small 
faucet  for  drawing  off  the  filtered  oil.  The  object  of  the  water 
is  to  wash  the  oil. 
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The  above  tank,  made  18  inches  in  diameter,  the  upper 
being  24  inches  high  and  the  lower  26  inches  high,  will  filter 
from  three  to  five  gallons  of  oil  in  24  hours  and  will  last  for 
about  two  years  without  renewing  the  oil  and  waste. 

F.  M.  FRIEDBERG. 

No.  jj. —  What  kind  of  oil  has  been  found  most  suitable  for 
high-speed  dynamos  with  brass  bearings  ? 

We  have  tried  various  makes  and  grades  of  oil  for  our  high- 
speed engines  and  dynamos  with  brass  bearings,  and  we  get  the 
best  results  from  a  medium- light  engine  oil  if  fed  through  a 
cup,  and  a  little  lighter  for  the  self-oiling  (ring)  bearings.  We 
have  a  dynamo  with  brass  bearings  (ring-oiling)  that  has  run 
two  years,  and  the  last  12  months  with  but  one  filling  of  red 
engine  oil.  S.  S.  INGMAN. 

A  pure  mineral  oil  of  light  body. 

W.  I.  D.,  N.  Y.  ED.  CO. 

No.  j6. —  IVill  some  one  describe  a  good^  cheap  blo^ver  set  for  clean- 
ing dynamos  and  give  approximate  cost? 

We  are  using  a  second-hand,  six-inch  Westinghouse  air 
pump,  which  we  purchased  from  a  steam  railway  company.  The 
cost  of  the  pump,  tank,  pipe  and  hose  was  $180. 

F.  ELLWOOD  SMITH. 

We  use  a  Westinghouse  air  pump,  connected  to  a  tank  24 
inches  in  diameter,  41  inches  long.  The  object  of  the  tank  is  a 
reservoir  for  compressed  air,  and  it  takes  care  of  the  condensa- 
tion in  the  compressed  air.  The  air  pump  has  an  automatic 
pressure-reducing  valve  in  the  steam  connection,  which  shuts  off 
the  steam  at  any  determined  air  pressure  (we  use  40  pounds). 
From  this  tank  we  pipe  to  several  outlets  near  to  dynamos  and 
to  our  workshop,  and  use  a  piece  of  hose  with  nozzle.  We  find 
this  a  very  economical  method  for  cleaning  dynamos  and  arc 
lamps,  and  for  such  other  work  as  comes  to  the  repair  shop. 
The  cost  of  this  pump  and  air  tank  is  $125. 

E.  B.  GREENE. 

We  have  used  a  Westinghouse  air-brake  pump  bought  second- 
hand from  the  railroad  people  and  equipped  with  a  tank.     This 
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outfit  ought  not  to  cost  more  than  $200  or  $300.  We  also  have 
in  use  a  direct-connected  motor-driven  air  compressor.  This  is 
a  somewhat  larger  machine,  driven  by  a  4-hp  motor  and 
equipped  with  a  tank  to  maintain  50  pounds  pressure  on  half- 
inch  opening.  This  would  probably  cost  $600  or  $700.  For 
cleaning  purposes  the  air-brake  pump  is  perfectly  satisfactory. 
THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

A  good,  cheap  blower  set  for  cleaning  dynamos  can  be 
made  by  procuring  a  small  steam  blower  and  connecting  it  to 
a  short  piece  of  eight-inch  or  ten-inch  steam  pipe,  capped  on 
each  end  to  form  a  holder.  Pipes  can  be  run  from  this  to  any 
part  of  the  power-house  from  which  taps  can  be  taken  for  hose 
connections.  With  a  short  piece  of  hose  about  three-fourths  of 
an  inch  in  diameter,  with  a  one-eighth  or  three-sixtcenths-inch 
nozzle,  the  equipment  is  complete.  The  whole  outfit  can  be 
built  for  about  $60  for  a  small  plant.  JAS.  E.  PYLE. 

We  have  just  installed  in  our  plant  a  blower  outfit  consist- 
ing of  a  Westinghouse  air  pump,  such  as  is  used  on  locomotives, 
with  steam  and  air  cylinders  nine  inches  in  diameter  by  eight 
inches  stroke.  This  pumps  into  a  tank  12  inches  in  diameter, 
five  feet  high,  tested  to  250  pounds  per  square  inch,  which  is 
fitted  with  safety  valve  and  pressure  gauge.  The  pipe  system 
runs  from  this  tank  to  pockets  near  dynamos^  in  which  are 
valves  and  threaded  hose  connections.  Twenty-five  feet  of 
four-ply  rubber  hose — three-quarters-inch — provided  with  a 
nozzle,  enables  us  to  get  all  around  dynamos  or  at  any  point  on 
switchboards.  A  branch  of  the  pipe  line  runs  into  workshops 
for  cleaning  arc  lamps,  meters,  etc.,  the  pressure  being  adjusted 
to  requirements.  As  we  purchased  the  air  pump,  which  is 
practically  new,  at  a  bargain,  the  whole  system  did  not  cost  in 
excess  of  $175.  We  would  not  be  without  it  for  twice  that 
sum,  as  compressed  air  can  be  used  for  many  other  purposes  in 
a  power-house.  CHAS.  H.  PETERS. 

We  have  recently  installed  in  our  substations  a  small, 
one-hp.  series,  500-volt,  direct-connected  blowing  outfit,  built 
by  the  Christensen  Engineering  Company,  of  Milwaukee,  Wis. 
The  motor  and  pump,  together  with  the  air  tank,  indicator  and 
controlling  devices,  are  all  mounted  on  a  small  truck,  so  that 
^he  outfit  may  be  used  in  any  part  of  the  station  or  substations 
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by  having  different  points  of  attachment  for  current  and  a  long 
supply  cord.  A  flexible  joint  was  provided  for  the  aTr  hose. 
The  approximate  cost  of  these  outfits  was  $275  each. 

THE  YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 

^o,  jy. — How  do  you  calculate   the  size  of  pipe  required  for 
exhaust  steam  heating  at^  say,  five  pounds  back  pressure  ? 

I  should  use  the  formula  given  on  page  671  of  my  Mechan- 
ical  Engineers'  Pocket  Book.v'xz.:  W^cA^.^A^JT'AdA,  in  which  W= 

weight  of  steam  flowing,  in  pounds  per  minute  ;  c,  a  constant 
which  may  be  taken  at  from  52  for  a  two-inch  up  to  60  for  an 
eight-inch  pipe  (it  is  generally  taken  at  60  for  all  sizes  for 
approximate  calculations,  and  the  error  in  so  doing  is  small, 
since  the  small  sizes  of  pipe  have  an  actual  diameter  larger  than 
the  nominal  diameter)  ;  «/,  the  weight  in  pounds  of  one  cubic 
foot  of  steam  of  the  pressure  at  the  entrance  of  the  pipe  ;  p^,  the 
initial  and /^  the  final  pressure;  Pi — /o  =  drop  in  pressure  in 
pounds  per  square  inch  ;  L  =  length  of  pipe  in  feet,  and  d  its 
diameter  in  inches. 

We  first  have  to  assume  the  drop  in  pressure  that  may  be 
allowed,     in  most  cases  this  can  be  taken  at    two  pounds  in 

1000  feet,  or  Z»    _/.l  =  .002. 

We  then  have  to  assume  the  initial  pressure, /i  which  will 
vary  according  to  the  resistance  of  the  several  branch  pipes, 
headers,  elbows,  water-binds,  etc.,  in  the  heating  system,  and 
according  to  whether  there  is  a  vacuum  system  for  reducing  the 
pressure  in  the  returns.  It  will  vary  from  atmospheric  pressure 
to  upwards  of  10  pounds  in  some  large  and  improperly-piped 
systems.  From  this  value  of  /i  we  take  the  value  of  w  from  a 
steam  table,  viz.: 

pi  (above  atmosphere)  q,  0.3,  1.3,  2.3,  ^,s^  4.3,  5.3,  6.3 
W,  pounds  per  cubic  foot,  .0.^8,  .039,  .041  .044,  .046,  .051,  .053 

Taking  c  at  60,  ^^  7"  ^  '^^^  ^"^  ^  ~  -^S^-  the  formula 
reduces  to  W  =  60  V.osi  x  .002  x  d^  =0.6  Vd^ 
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From  tables  of  fifth  powers  and  square  roots  we  take  values 
of    s/d^ 

-d  =  23456  8  10  12 

^'^  =  32     343     1024     3125     7776     32,768     100,000     248,332 

Vd'  =      5.66   18.5       32       55.9      88.2        181  316  499 

We  then  find  that  the  value  of     W  =  0.6  \/d^ 
W  =  3.4     I  I.I     19.2     33.4     52.9     108.6     1896     298.4 
For  any  other  value  of/  than  5.3  pounds,  the  flow  will  vary* 
as  the  square  root  of  the  corresponding  value  of  W.     Thus,  for 
/  =  ^-3  pounds,  w  =  .041,  the  values  of  w  found  as  above  will 

have  to  be  multiplied  by  x/- =  V.08,  or  0.894. 

\.o5i 

For  any  other  drop  than  two  pounds  per  1000  feet  the  flow 
will  vary  as  the  square  root  of  the  drop ;  thus,  for  a  drop  of  one 
pound  per  1000  feet  the  obtained  values  will  have  to  be  multi- 
plied by  V)4  =  .707. 

Example:  How  much  steam  of  an  initial  pressure  of  1.3 
pounds  above  atmosphere  will  flow  per  minute  in  a  six-inch 
pipe  with  a  drop  in  pressure  at  the  rate  of  one  pound  per 
1000  feet  ? 

Ansiver :   52.9  X  0.894  X  0.707  =  33.4  pounds. 

If  the  quantity  of  steam  is  stated  in  boiler  horse-power,  we 

multiply  the  values  of  w   by  a  factor  representing  the  ratio  of 

one  pound  of  steam  per  minute  to  34,5  pounds  per  hour,  or  one 

,                       .    .       60 
horse-power,  viz., =  1.74. 

34*5 
A   six-inch   pipe   with   ^vt   pounds  back   pressure  and  two 

pounds  drop  per  1000  feet  would  carry  52.9  X  174  =  92.0  horse- 
power. WILLIAM  KENT. 

The  size  of  a  pipe  supplied  with  exhaust  steam  under  five 
pounds  pressure  and  used  to  supply  radiators  for  heating  a 
building,  may  be  determined  by  the  following  formula  taken 
from  the  top  of  pa^e  51  of   Professor  Carpenter's  book  on  Heat- 

./=  0.184  ;^j'*''  * 
\  /« 

where  r/ =  diameter  in  inches 

7//=  weight  of  steam  discharged  per  minute 
I  =  length  of  pipe  in  feet 
8  =  density  of  weight  of  a  cubic  foot  of  the  steam. 
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The  rule  suggested  by  the  late  George  H.  Babcock  and 
adopted  by  William  J.  Baldwin  in  his  book  on  Steam  Heating 
for  Buildings^  is 

"The  diameter  of  the  main  supplying  the  radiating  sur- 
face should  be  equal  in  inches  to  one-tenth  of  the  square 
root  of  the  radiating  surface,  mains  included,  in  square  feet." 
This  is  no  doubt  the  most  convenient  rule  to  apply. 

Any  book  on  the  heating  or  ventilation  of  buildings  will 
contain  formulae  and  rules  relating  to  this  topic.  They  are  all 
eippirical,  and  are  to  be  used  only  under  the  conditions  of  the 
tests  from  which  they  were  deduced.  Length  of  main,  number 
of  bends,  character  of  the  heating  system  — whether  gravity  or 
vacuum — and  other  considerations,  must  be  known,  as  well  as 
extent  of  heating  surface  in  coils,  character  of  building"  con- 
struction and  exposure  of  building,  before  the  size  of  exhaust 
feeder  main  can  be  definitely  determined.  (UNSIGNED.) 

No.  j8. —  What  is  the  best  pressure-reducing  valve  for  use  in  con- 
nection tvith  heating  system  where  it  is  occasionally  desirable  to  use 
live  steam  I 

The  Mason  reducing  valve  is  very  reliable,  and  has  been 
adopted  by  the  American  District  Steam  Co.  on  our  recom- 
mendation.    They  have  used  it  several  years. 

C.  P.  WELLES. 

We  know  of  no  pressure-reducing  valve  that  is  particularly 
satisfactory. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Of  the  pressure-reducing  valves,  our  experience  has  been 
that  one  of  the  types  of  diaphragm  valve  and  one  of  the  types 
of  piston-controlled  valve  are  the  most  satisfactory  of  any  that 
we  have  used.  Good  results  from  reducing  valves  are  obtained 
only  by  proper  application  of  the  valve  to  suit  individual  condi- 
tions. The  principal  point  to  be  provided  for  is  in  using  the 
smallest  valve  that  will  pass  the  required  volume  of  steam  ;  the 
reason  for  this  being  that  a  small  valve  run  wide  open  under 
normal  conditions  avoids  cutting  of  seats  from  wire-drawing, 
where  a  larger  valve  run  partially  open  would  soon  be  rendered 
worthless.  J.  P.  S.,  N.  Y.  ED.  CO. 
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No.  jp. —  Will  some  one  give  details  of  a  machine  shop  suitable 
for  a  station  of  looo-hp  to  i^oo-hp  capacity  ;  stating  what  tools  and 
what  machine  tools  should  be  included^  and  what  the  cost  would  be  1 

We  have  a  small  shop  that  meets  our  requirements  very 
well.,  It  is  equipped  with  a  2-hp  motor  with  variable-speed 
rheostat,  one  Barnes  screw-cutting  lathe,  five-foot  bed  with  a 
lo-inch  universal  jaw  chuck,  together  with  the  usual  tools  for 
turning  and  threading  as  furnished  with  the  lathe.  The  laihe 
has  a  swing,  as  received,  of  13  inches  ;  a  set  of  raising  blocks 
was  added  to  this  equipment,  giving  it  a  swing  of  18  inches. 

A  drill  press  with  a  swing  of  26  inches,  movable  table  and 
a  square,  accurately  planed  base,  together  with  the  usual  com- 
plement of  drills,  and  a  set  of  rose  reamers  up  to  two  inches  in 
diameter,  suitable  in  sizes  for  repairs  to  engine  governors. 

An  emery  wheel  suitable  for  general  work. 

The  cost  was  as  follows  : 

Lathe,  including  the  tools  and  chuck $i49-5o 

Drill  press 65.00 

Chuck  for  holding  small  drills 4.50 

Drills  and  rose  reamers 30.00 

Emery  wheel  and  frame 30.00 

Total $279.00 

With  the  above-named  tools,  in  the  past  10  years  we  have 
gone  outside  our  shop  for  only  four  pieces  of  work,  which  work 
was  of  too  large  diameter  for  our  lathe.  The  occasion  for  hav- 
ing to  do  large  work  occurs  so  seldom  that  it  would  not  warrant 
the  expense  of  a  lathe  large  enough  to  swing  everything. 

E.  B.  GREENE. 

Regarding  equipment  of  machine  shop  suitable  for  a  station 
of  from  1000  to  1500  horse-power,  the  selection  of  tools  for  hand- 
ling repairs  would  be  governed  to  a  great  extent  by  size  of  unit. 
A  good  equipment  for  a  station  consisting  of  units  of  from  250  to 
5C0  horse-power  would  be  a  12-inch  to  16-inch  screw  lathe  of  10- 
foot  bed,  one  24-inch  to  28-inch  lathe  of  15-foot  bed,  one  20-inch 
shaper,  one  20-inch  to  30-inch  drill  press,  one  12-inch  to  i5-inch 
sensitive  drill,  and  one  emery  grinder  running  12-inch  to  i4-inch 
wheels.  The  small  tools  required  in  a  plant  of  this  size  should 
consist  of  pipe  dies  cutting  from  one-eighth  inch  to  three  inches^ 
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with  pipe  taps  of  the  same  sizes  ;  small  tools  for  lathes,  shaper 
and  drill  press  as  required.  The  cost  of  such  an  outfit  as  this,  if 
driven  by  one  motor  with  necessary  countershaft,  should  be  about 
$200  installed,  exclusive  of  motor.  If  direct-driven  machine  tools 
are  selected,  the  cost  should  be  about  $3,000  for  the  entire  outfit. 

J.  P.  S.,  N.  Y.  ED.  CO. 

No  40  —  What  is  the  comparative  value  of  toiuels  and  laaste  far 
cleaning  purposes  ?     How  often  can  towels  be  cleaned  and  used  again  t 

We  have  found  that  towels  will  rot  in  a  short  time  if  used 
to  wipe  up  grease,  etc.  FRED.  B.  HUBBELL. 

There  is  no  difference  as  to  gross  cost.  Towels  are  much 
more  effective.  GEO.  L.  COLGATE. 

We  formerly  used  waste,  and  use  a  little  now,  but  most  of 
our  wiping  is  done  with  cotton  cloths.  These  are  not  regular 
wiping  towels,  but  are  remnants  of  cotton  cloth,  which  we  buy 
by  the  bale.  The  cloths  are  washed  from  time  to  time,  and  wc 
think  they  are  a  great  deal  better  and  cheaper  than  waste.  We 
wash  them  until  they  are  worn  out. 

F.  ELLWOOD  SMITH.. 

I  should  say  about  40  cents  on  the  dollar  in  favor  of  cottXjn 
rags  or  towels.  The  lasting  qualities  vary  directly  with  the 
character  of  machinery  wiped,  as  well  as  the  mode  of  cleansing 
the  towels.  By  using  the  squeezing  or  roller  process,  instead 
of  lye  or  strong  alkalies,  the  life  of  the  towel  can  be  prolonged 
four  or  ^v^  months.  GUY  C.  GUM. 

Towels,  we  believe,  cost  90  per  cent  of  what  waste  would 
cost.  We  do  not  know  how  often  towels  can  be  cleaned  and 
used.  THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Net  expense  of  wipers  is  about  25  per  cent  greater  than 
with  waste,  even  if  towels  are  washed  until  worn  out. 

W.  I.  D.,  N.  Y.  ED.  CO. 

No.  41. —  IVhat  is  the  best  way  in  which  to  lay  up  fire-brick 
lining  in  boiler  walls  so  that  it  will  stay  1 

You  can  make  fire-brick  lining  stay  in  boiler  walls  by  layings 
«vcry  other  course  a  header  course.     It  will,  however,  be  impos- 

44 
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sible  to  make  equally  as  good  a  job  when  the  time  comes  to 
repair  it  on  the  fire  line,  necessitated  by  the  partial  burning 
away  of  the  brick  at  that  point.  Your  headers,  not  being  pro- 
tected, will  burn  away  also,  which  will  compel  you  to  lay  up  the 
new  lining  without  headers.  By  using  a  protected  header  (as 
per  cut)  every  other  course  for  six  or  eight  courses,  or  to  above 
fire  line  and  then  through  header  courses  every  other  course, 
you  will  get  a  wall  that  will  stay  and  one  that  will  be  easily  and 
substantially  repaired  on  the  fire  line. 


F'jRsr,  Third  and  Fifth  Courses 
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Second,  Fourth  and  Sixth  Courses 

L.  W.  BYERS. 


I  have  obtained  the  best  results  by  laying  fire-brick  all 
*' headers,"  with  a  very  thin  coating  of  sloppy  fire-clay  as  a 
cement.  This  coating  is  given  by  immersing  the  brick  in  thin 
fire-clay  mixture.  Leave  a  two-inch  air  space  between  wall  and 
lining,  beginning  about  ten  inches  above  grate  bars  and 
gradually  battering  into  wall  at  or  near  the  fire  line. 

GUY  C.  GUM. 

We  have  obtained  very  good  results  by  making  every  other 
course  a  header.  Have  also  tried  *' racking  back"  from  the 
grate  bars  up  four  or  fiwe  courses,  and  found  it  very  beneficial, 
especially  where  wood  is  used  for  fuel.  S.  S.  INGMAN. 

I  lay  up  about  five  courses  of  headers  above  grates,  and 
from  there  up  use  headers  and  stretchers  alternately.  An  arch 
from  near  the  grates  in  front  of  the  bridge-wall  in  side  walls  is 
a  good  construction.  W.  B.  BLOXHAM. 

We  lay  up  our  side  walls  with  three  courses  of  brick  and 
then  a  n.>vv  of  headers,  laying  them  up  in  tire-clay,  and  have  had 
no  (lifficultv. 

THE  EDISON   ELKC.  ILLG  CO.  OF  BOSTON. 
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With  the  same  material,  best  results  will  be  secured  in  lay- 
ing of  brick  by  using  minimum  amount  of  fire-clay  mortar. 
Pure  fire-clay  brick  should  be  used  without  the  addition  of  any 
grog  or  fire-sand,  and  the  bricks  should  be  laid  as  close  together 
as  possible,  rubbing  one  brick  on  top  of  the  other  to  thin  the 
joints  and  bring  the  bricks  so  they  will  have  a  bearing  on  each 
other.  H.  S.  RUSSELL. 

We  use  mixture  of  clay  suitable  for  building  brick,  anthra- 
cite screenings  and  wood  ashes. 

THE  SOUTHAMPTON   ELEC.  LT.  CO. 

No.  42. —  Would  there  be  any  economy  in  using  an  internally-fired 
boiler  instead  of  an  ordinary  flue  boiler^  where  the  load  varies  widely^ 
but  is  always  under  the  capacity  of  the  boiler  ?  Feed  water  is  bad  and 
price  of  coal  high. 

We  can  see  no  additional  economy. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  4J. —  IV hat  is  the  best  method  of  preventing  smoke ^  using  an 
ordinary  hand-fired  furnace  and  horizontal  multitubular  boiler  t 

The  so-called  method  of  "coking"  fires  will  kill  the  smoke 
where  the  boilers  are  not  crowded.  E.  W.  FURBUSH. 

Fire  light,  and  only  half  the  furnace,  or  close  the  damper 
every  time  the  furnace  door  is  open,  if  you  can  get  a  man  to 
doit.  W.  B.  BLOXHAM. 

No.  44. — How  many  members  of  the  association  have  been  prose- 
cuted on  account  of  smoke  from  poiver-house  stack  ? 

No.  4^. — How  many  have  succeeded  in  reducing  smoke  so  that  it  is 
not  objectionable^  and  by  what  means  ? 

It  is  impossible  to  eliminate  smoke  entirely,  but  it  will  be 
reduced  to  a  minimum  and  found  unobjectionable  by  using  a 
good  draft,  good  quality  of  coal,  and  coking  on  the  hearth. 

L.  W.  BYERS. 

Stokers  and  down-draft  furnaces  will  reduce  the  smoke  to  a 
certain  extent.  W.  B.  BLOXHAM. 
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We  are  using  chain-grate  stokers,  and  the  smoke  is  not 
objectionable. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  46. —  What  kind  of  stokers  or  furnaces  have  been  successfully 
used  in  reducing  smoke  ? 

Automatic  stokers  can  be  successfully  used  for  reducing 
smoke.  H.  G.  STOTT. 

No.  47. —  IV hat  are  the  practical  difficulties ,  if  any^  in  using 
highly  superheated  steam  as  compared  with  commercially  dry  steam  ? 

The  greatest  difficulty  in  the  way  of  using  highly  super- 
heated steam  is  the  lubrication  of  valves.  One  hundred  and 
sixty  degrees  of  superheat  can  probably  be  used. 

H.  G.  STOTT. 

No.  48. —  What  is  the  steam  consumption  of  steam  turbines  of  large 
capacity  using  superheated  steam  and  running  condensing ^  as  compared 
with  compound-condensing  steam  engines  under  the  same  conditions  f 

The  best  actual  result  on  loo-kw  steam  turbine,  using  super- 
heated steam,  running  condensing,  is  19  pounds  per  kw-hour. 
The  best  result  published — Suzer  triple-expansion  condensing 
engine — is  equivalent  to  13.2  pounds  per  kw-hour. 

H.  G.  STOTT. 

No.  4g. —  Under  what  conditions  has  it  been  found  advisable  to  use 
auxiliary  mechanical  draft  at  the  time  of  peak  ? 

Only  in  case  of  insufficient  draft. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Auxiliary  mechanical  draft  is  desirable  when  the  peak-load 
period  is  short,  and  the  peak  is  high  in  comparison  with  the 
average  load  ;  or  when,  for  any  reason,  the  total  boiler  capacity 
is  small  in  proportion  to  the  load  it  is  occasionally  necessary  to 
carry.  EDITOR. 

I  know  of  no  installation  where  a  mechanical  draft  was 
used  at  time  of  peak  and  natural  draft  was  used  at  other  times. 
It  may  be  interesting  to  note  that  in   some  recent  calculations 
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for  a  big  power  plant  it  apparently  was  cheaper  to  use  mechan- 
ical draft  until  the  plant  should  reach  a  capacity  of  12,000  horse- 
power, and  after  that  the  maintenance  of  a  mechanical  draft 
•equipment,  the  interest  and  depreciation  on  same,  together  with 
the  cost  of  operation,  would  amount  to  more  than  to  build  a 
first-class  stack,  and  thus  provide  natural  draft. 

H.  R.  WEBER. 

No.  ^o, —  Which  tvould  be  the  more  economical  to  use  in  a  plant 
whtre  the  load  averages  i§o  horse-power  for  four  hours  and  40  to  JO 
horse-power  for  eight  hours;  a  simple  Corliss  engine  or  a  tandem  com- 
pound^ highspeed^  non-condensing  engine  f  Coal  costs  SS'S<^  P^^  ^^^ 
and  boiler  pressure  is  140  pounds. 

Corliss  engine,  and  use  90  pounds  steam  with  light  loads. 

GEORGE  L.  COLGATE. 

Tandem  compound  engine  would  be  most  economical. 
Boiler  pressure  should  be  reduced  with  reduced  loads. 

H.  G.  STOTT. 

I  should  say  a  simple  Corliss.  .     W.  B.  BLOXHAM. 

We  consider  the  use  of  the  simple  Corliss  engine,  and  keep- 
ing the  boiler  pressure  at  a  point  that  will  give  the  most  eco- 
nomical point  of  cut-off  in  the  varying  loads,  as  being  much  the 
most  efficient.  G.  B.  LELAND. 

No,  J*/. —  What  is  the  most  economical  type  of  engine  for  an  elec- 
tric-light station  using  less  than  200  horse-power^  ^^S^*^  ^^  operate 
during  the  dark  hours  only^  running  non-condensing^  and  driving  both 
arc  and  incandescent  machines  by  means  of  a  belt  ?  Price  of  Illinois 
soft  coal  is  $1.80  per  short  ton  ;  water  is  obtained  from  well. 

Automatic,  high-speed,  simple  engine,  because  of  low  first 
cost,  good  regulation,  and  small  space  required. 

BRUSH-SWAN  ELEC.  LT.  CO. 

If  150  horse-power,  compound  Corliss. 

GEORGE  L.  COLGATE. 

Conditions  have  all  to  do  with  deciding  such  a  question. 
If  these  are  the  same  as  the  average,  in  which,  beginning  with 
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first  hour  or  so,  the  load  gradually  increases  until  the  maximum 
is  reached  during  the  next  hour,  continuing  for  two  hours  and 
then  rapidly  falling  off  until  the  minimum — which  should  be 
about  one-third  maximum  load — for  the  rest  of  the  night,  say, 
six  hours  out  of  the  ten — the  best  results  are  obtained  by  having 
two  engines  ;  one  for  the  heavy  load  and  one  for  the  light  load. 
But  as  other  things  besides  fuel  economy  are  of  equal  or  more 
importance — such  as  cost  of  installation,  repairs,  attendance, 
etc. — our  experience  leads  us  to  conclude  that  the  Corliss  or 
automatic  cut-off  engine,  of  ample  capacity,  will  be  the  most 
economical  to  install,  all  things  considered. 

S.  S.  INGMAN. 

I  should  favor  a  high-speed  automatic. 

GUY  C.  GUM. 

No.  ^2. — Is  it  likely  that  the  gas  engine  with  producer-gas  plant 
will  become  more  economical  from  all  standpoints  for  central-station 
use  than  the  steam  engine  is  now  or  is  likely  to  be  within  five  years  to 
come? 

I  think  it  is  certain  that  gas  engines  for  producer  gas  will 
be  more  economical  in  operating  expenses  than  the  steam  engine 
is  likely  to  be  within  the  next  fi\^  years.  The  total  expense, 
viz.^  operating  expenses  plus  fixed  charges,  will  depend  upon 
how  much  current  is  produced  with  a  given  engine  capacity, 
and  as  a'  gas  engine  costs  more  than  a  steam  engine,  fixed 
charges  will  be  more  per  horse-power. 

HENRY  L.  DOHERTY. 

No.  jj. — Is  there  a  crude  petroleum  or  kerosene  engine  of  lOO  to 
i^o  horse-power  that  can  be  used  as  an  auxiliary  in  a  small  water- 
power  plant  without  requiring  the  services  of  an  expert  engineer  to 
run  it  ?      What  would  be  the  consumption  of  fuel  per  hp-hour  f 

No,  ^4. — For  a  town  of  jooo  population  and  moderate  growth^ 
having  about  ijoo  incandescent  lamps  now  installed  and  city  contract 
for  twenty  1200-cp  arcs — considering  first  cost  and  operating  expenses 
— what  is  the  most  economical  and  serviceable  equipment  for  light  and 
motor  service  ? 

Sixty-cycle,  single-phase  alternating  arcs  for  street  lighting 
in  multiple.  GEORGE  L.  COLGATE. 
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We  should  favor  220-volt  direct-current  apparatus  for  an 
installation  of  this  kind  if  the  station  can  be  centrally  located 
and  the  distance  covered  does  not  exceed  2000  feet. 

S.  S.  INGMAN. 
Monocyclic  system. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  installation  of  a  monocyclic  generator  and  the  "  tub  ** 
system  of  arc  lighting  would  be  the  best  under  conditions  given. 

G.  B.  LELAND. 

No.  J  J. —  IVAat  would  be  a  good  showing  as  to  cost  per  kw-hour 
on  a  total  output  of  §^0  kw-hour s  at  switchboard  ;  plant  running  non- 
condensing  from  dusk  to  dawn^  and  using  two  tandem  compound  engines^ 
belted  to  JS'^  ^^^  45'kw  alternators^  respectively ;  coal,  one  part 
bituminous  and  three  parts  anthracite  and  costing  $j.oo  per  ton  ? 

Three  cents  per  kw-hour  would  be  a  fair  showing  under  the 
conditions  given.  EDITOR. 

Three  and  one-quarter  cents  per  kw-hour. 

(UNSIGNED.) 
Between  six  and  seven  cents. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  §6. — Is  it  practical  to  operate  in  multiple  two  direct-currenty 
compound-wound  dynamos  of  different  makes  and  ^oper-cent  difference 
in  size  ? 

Yes  ;  the  Rochester  Railway  Co.,  Rochester,  N.  Y.,  are  run- 
ning one  500-kw  Siemens  &  Halske  and  one  General  Electric^ 
1050  kilowatts,  in  parallel  with  perfect  success. 

BRUSH-SWAN   ELEC.  LT.  CO. 

It  is  possible  to  operate  successfully  under  the  conditions 
mentioned  if  the  variations  in  load  are  not  too  great  and  too 
sudden.  To  get  the  best  results,  you  should  test  each  machine 
separately  at  various  loads  on  a  water  rheostat,  in  order  to 
determine  its  compounding  curve.  By  shunting  the  series  coil 
of  the  machine  whose  voltage  tends  to  rise  most  with  increase 
in  load,  and  by  varying  the  resistance  of  the  leads  to  the  'bus- 
bars, you  will  be  able  to  obtain  a  sufficient  approach  to  uni- 
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formity  of  compounding  to  enable  machines  to  divide  the  lead 
automatically  under  any  reasonable  variations  of  station  output. 

EDITOR. 

I  have  operated  direct-current  compound-wound  generators 
in  multiple  of  more  than  50-per-cent  difference  in  size,  and  con- 
sider the  same  entirely  practicable  if  they  are  properly  con- 
nected and  have  their  shunts  properly  adjusted. 

G.  B.  LELAND. 

At  the  University  of  Minnesota,  we  are  operating  daily 
xinder  exactly  the  conditions  noted,  namely,  a  generator  of  one 
make  in  multiple  with  one  twice  as  large  from  another  maker. 
The  two  machines  are  in  different  buildings,  about  800  feet 
apart,  and  feed  into  the  same  lines.  At  first,  the  larger  machine 
grabbed  the  load.  After  adjusting  the  compounding,  the  two 
twork  without  difficulty  at  all  conditions  of  load. 

GEO.  D.  SHEPARDSON. 

No.  57. —  With  thrfe  generators  running  in  parallel  at  full  load y 
^ne  phase  of  one  of  the  generators  short  circuits  and  goes  out  of  busi- 
ness, Which  7i'ouid  be  the  better  practice :  To  hold  on  to  everything 
42nd  longer  Vintage  of  the  remaining  machines  until  after  the  peak  is 
/assed^  or  to  cut  off  part  of  the  system  and  keep  remainder  up  to  full 
candle  power  / 

By  all  means  cut  out  part  of  the  system  and  keep  the  bal- 
ance up  to  standard.  Cut  out  the  least  important  portion.  The 
public  are  reasonable  in  most  cases  of  accident.  Those  not 
affected  will  not  know  of  the  accident,  and  no  loss  from  poor 
regulation,  etc.,  will  be  intiicted  on  the  company. 

BRUSH-SWAN  ELEC.  LT.  CO. 

Cut  off  part  of  load  :  plant  is  then  disgraced  only  by  break- 
•down,  not  by  poor  quality.  GEORGE  L.  COLGATE. 

Hold  on  to  everything. 

THE  EDISON   ELEC.  ILLG  CO.  OF  BOSTON. 

My  answer  to  this  question  would  be  to  run  whatever  lights 
are  run  at  proper  voltage.  A  plant  cramped  for  equipment  last 
Ifall  tried  the  experiment  of  running  under  voltage.  Instead  of 
lessenini^r  their  load  it  increased  it.  as  consumers  would  turn  on 
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additional  lights  to  compensate  for  the  lesser  light  obtained 
from  operating  the  usual  number  of  lights  in  their  stores  and 
residences.  ANONYMOUS. 

No,  §S. —  With    two  ^ffierators  running   in  parallel^   excited  by 
separate  units ^  one  exciter  breaks  do7vn   unknoivn  to  dynamo  tender. 
What  happens  to  the  generator  with  the  broken-doivn  exciter  ?     What 
method  is  there  of  protecting  a  generator  under  such  circumstances  ? 

Circuit-breakers  for  both  no  load  and  overload  in  exciter 
•circuit,  and  for  overload  in  generator  circuit. 

GEORGE  L.  COLGATE. 

Generator  without  exciting  current  would  still  continue  to 
supply  power.     Fields  would  be  magnetized  by  induction  from 
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the  lagging  current  received  from  the  other  generator.  Gen- 
erator will  probably  show  just  about  full-load  current,  no  matter 
what  the  load  may  be,  part  of  this  being  idle  current  from  the 
-other  machine  and  part  of  it  working  current.  Machine  may 
be  protected  very  effectively  by  reverse-current  relays. 

H.  G.  STOTT. 

We  do  not  see  how  this  could  remain  unknown  to  the 
dynamo  tender  very  long.  The  generator  with  broken-down 
exciter  would  go  out  of  step  and  practically  shut  down  the 
station.  A  reverse-current  circuit-breaker  would  protect  a 
generator  under  such  circumstances. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

'^^^'  59  —  What  has  been  the  experience  with  automatic  regulators 
whose  operation  tends  to  regulate  machine  voltage  ? 

We  operate  a  static  substation  in  the  village  of  Clyde,  eight 

miles  away.     The  load  varies  from  o  to  70  amperes,  at  1 100  volts 

in  station  at  Lyons.     Our  loss  at  70  amperes  is  17  per  cent.     In 

•order  to  maintain  a  constant  voltage  in  the  substation  at  Clyde, 

it  required  the  constant  attention  of  a  man  to  regulate  machines 

according  to  load  and  to  keep    the  voltage   according  to  the 

•chart  as  laid  out  by  the  writer.     We  at  last  installed  a  voltage 

regulator  manufactured   by  a    prominent   company,  and    since 

then  our  regulation   has   been   almost  perfect.     This  regulator 

4ilso  compensates  for  inductive  load.     We  operate  50  alternating- 
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current  series  inclosed-arc  lamps  off  this  line.  After  it  is  once 
thrown  into  line  it  needs  no  attention  whatever,  and  it  does  the 
work  perfectly.  We  generate  current  at  iioo  volts,  step  up  to 
6600  volts,  transmit  to  Clyde,  and  step  down  to  2200. 

C.  J.  SULLIVAN. 

We  have  two  automatic  voltage  regulators  connected  to  our 
Edison  three-wire  system.  They  have  been  in  operation  about 
five  years  with  good  success.  These  regulators  are  so  connected 
as  to  be  thrown  on  any  machine  of  the  direct-current  system, 
all  machines  running  in  parallel.  We  generally  throw  them  on 
the  two  machines  carrying  the  heaviest  load.  They  are  very 
sensitive  and  quick  in  action,  and  take  good  care  of  any  varia- 
tion in  voltage  that  may  be  caused  by  motors  or  sudden  throw- 
ing on  of  a  large  number  of  lights,  thus  giving  us  far  better 
regulation  than  by  hand  and  saving  the  expense  of  switchboard 
attendant.     I  would  recommend  them  to  all  central  stations. 

AUG.  WEIS. 

No.  do. —  What  advantajs^es  are  obtained  from  the  use  of  step-up^ 
three-phase  transformers  with  Y-connected  secondaries  and  grounded 
neutral^  over  the  delta-connected  transformers  ;  the  secondaries  of 
transformers  working  in  multiple  with  generators  developing  the  same 
pressure  as  the  secondary  of  transformers^  the  neutral  point  of  the 
generators  being  grounded? 

Reduced  pressure  on  the  transformer  terminals  and  lines. 
THE  EDISON   ELEC.  ILLG  CO.  OF  BOSTON. 

No.  61. — Are  manufacturers  making  any  efforts  to  produce  recti- 
fiers to  enable  direct-current  inclosed-arc  lamps  to  be  operated  from 
alternating  current  machines  / 

So  far  as  1  know,  manufacturers  are  making  no  special 
efforts  to  produce  rectifiers  to  enable  direct-current  inclosed-arc 
lamps  to  be  operated  from  alternating-current  machines.  The 
series  alternating  arc-lamp  systems  have  been  brought  to  such  a 
state  of  perfection  in  this  country  that  the  question  of  operating 
arcs  from  rectified  currents  seems  to  have  been  relegated  to  the 
background.  In  England,  where  the  first  Ferranti  rectifiers 
were  installed  six  or  seven  years  ago,  little  progress  has  been 
made  in  the  development  of  the  system.     During  the  current 
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year  Mr.  A.  H.  Preece  submitted  a  report  to  the  borough  council 
of  Hammersmith,  England,  in  which  he  called  attention  to  the 
fact  that  on  account  of  the  "flashing-over"  of  the  rectifiers,  the 
cable  insulation  must  stand  at  least  loo  per  cent  above  the 
working  pressure.  He  stated  that  although  the  lighting  from 
alternating-current  arcs  is  fairly  satisfactory  it  is  by  no  means 
so  good  as  the  rectified-current  lighting.  Still  he  does  not 
recommend  the  extension  of  the  rectifier  svstem. 

There  has  recently  been  some  activity  in  the  United  States 
in  the  development  of  rectifiers  (witness  the  Cooper-Hewitt 
static  converter,  the  Thomson  rectifier,  and  others),  but  whether 
or  not  these  inventions  will  find  an  application  in  the  trans- 
formation of  alternating  into  direct  current  for  arc-lighting  pur- 
poses remains  to  be  seen.  LOUIS  B.  MARKS. 

Not  in  this  country. 

THE  EDISON   ELEC.  ILL'G  CO.  OF  BOSTON. 

I 

No.  62. —  What  is  the  best  and  easiest  method  of  remolding  sedi- 
ment from  storage-battery  Jars  ? 

By  hose  syphon,  acid-proof. 

BRUSH-SWAN  ELEC.  LT.  CO. 

We  remove  enough  plates  so  that  we  can  get  into  the  cell 
with  a  scoop  after  the  exide  has  been  scraped  off.  We  under- 
stand that  a  plan  has  been  tried  of  putting  a  lead  pad  near  the 
bottom  of  the  cell  so  that  the  sediment  can  be  scraped  out  with- 
out removing  the  plates. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  most  suitable  method  for  removing  sediment  from  a 
battery  varies  with  the  size  of  the  jars  or  tanks,  the  location  of 
the  battery-room,  and  the  conditions  under  which  the  battery  is 
to  be  cleaned  ;  that  is,  whether  the  cleaning  is  independent  of 
plate  renewals  or  in  connection  therewith.  For  the  smaller  or 
medium-sized  batteries,  set  up  either  in  glass  jars  or  lead-lined 
wooden  tanks,  if  the  cleaning  is  to  be  done  independently  of 
plate  renewals,  the  most  economical  method  is  to  get  the  sedi- 
ment out  with  the  least  possible  disturbance  of  the  plates.  This 
can  be  accomplished  either  by  the  use  of  a  wooden  scoop  or  a 
rake  of  such  design  that  it  can  be  inserted  at  the  ends  of  the 
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tanks  and  the  blade  passed  under  the  plates,  the  sediment  being 
removed  as  the  scoop  is  withdrawn.  The  advantages  of  this 
method  are  that  it  requires  a  minimum  amount  of  apparatus  and 
labor  and  avoids  the  necessity  for  talking  the  battery  off  the 
system.  For  the  batteries  of  the  larger  sizes,  either  the  syphon- 
ing or  the  pumping  method  is  usually  most  satisfactory.  If  the 
room  be  favorably  located,  the  syphoning  method  will  generally 
be  found  the  most  economical.  This  involves  the  drawing-off 
of  the  electrolyte  of  each  cell  or  a  group  of  cells  in  rotation  into 
tanks  or  carboys,  the  filling  of  the  cells  with  water,  an  agitation 
or  loosening-up  of  the  sediment,  either  with  a  strong  stream  of 
water  issuing  from  a  nozzle  inserted  into  the  cell  with  an  L-bend 
in  the  hose,  or  with  an  L-shaped  piece  of  rubber-covered  stiff 
metal,  and  the  drawing-off  of  the  sediment-laden  water  into 
settling  tanks  located  at  a  lower  level ;  the  water  of  course  being 
withdrawn  when  all  the  sediment  is  removed  and  the  cells 
refilled  with  the  acid  that  was  drawn  off,  the  deficiency — due  to 
removing  of  sediment — being  made  up  by  the  addition  of  new 
acid.  In  cases  where  syphoning  is  not  practical,  a  power 
pump  is  substituted  for  the  syphon,  one  of  the  advantages  of 
this  method  being  that  it  is  not  necessary  to  substitute  the 
water  for  the  acid  in  the  cells,  thus  avoiding  the  necessity  for 
taking  the  battery  off  the  system  while  the  work  is  in  progress. 
In  batteries  of  the  largest  sizes,  as  a  general  rule,  the  best 
method  is  to  remove  about  one-half  the  plates,  when  the  sedi- 
ment can  be  easily  gotten  at  and  removed  ;  this  involves  the 
reburning  of  the  plates,  but  this  expense  is  offset  by  the 
thorough  manner  in  which  the  cleaning  can  be  accomplished 
and  also  the  lessened  expenditure  of  time.  If  plate  renewals 
are  required  at  the  same  time  that  a  cleaning  is  necessary,  the 
sediment  can  be  removed  when  the  old  plates  are  taken  out  and 
before  the  new  ones  are  installed.  W.  C.  L.  EGLIN. 

4 

No.  6j. — Have  any  members  had  trouble  through  the  breaking  of 
glass  battery  jars  at  the  time  of^  or  soon  after,  removing  the  sediment 
from  such  jars  when  a  wooden  scoop  is  used  ?  Is  there  any  way  to 
prevent  such  an  occurrence  ? 

The  breaking  of  jars  under  the  conditions  mentioned  in  the 
question  is  frequently  occasioned  by  rough  handling  of  the  jars 
or  of  the  scoop  used  for  cleaning,  or  in  allowing  sloppage  of  the 
acid  and  sediment  so  that  they  run  down  on  the  outside  of  the 
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jar,  dampening  or  washing  out  some  of  the  sand  in  the  support- 
ing trays,  causing  the  sand  to  shift  and  putting  unequal  strains 
on  the  jars.  When  glass-jar  batteries  are  cleaned  in  extremely 
cold  weather,  t;he  breakage  is  apt  to  increase,  as  the  jars  are 
naturally  very  susceptible  to  the  shock  in  low  temperature. 

W.  C.  L.  EGLIN. 

We  have  had  the  exact  trouble  indicated  in  this  question^ 
and  have  thus  far  found  no  way  to  prevent  same.     This  seems 
to  be  a  disturbance  either  of  the    position  of  the  cell  or  in  the 
.strain  on  different  parts  of  the  jar. 

THE  YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 

No.  64. —  What  methods  have  been  used  to  provide  fairly  uniforvi 
temperature  and  proper  ventilation  for  storage  battery  of  given  capacity, 
and  how  often  is  there  a  complete  change  of  air  ? 

In  providing  for  a  fairly  uniform  temperature  and  at  the 
same  time  proper  ventilation,  it  is  not  generally  necessary  to 
install  artificial  means  of  heating  to  keep  up  the  temperature 
during  the  colder  periods  of  the  year,  especially  where  the  ven- 
tilating inlets  bring  air  from  places  where  the  temperature  is 
normal,  such  as  switchboard  or  generator  rooms  ;  however,  the 
inlet  ducts  should  be  so  arranged  that  during  the  warmer 
months  air  from  a  cooler  source  than  that  from  the  generator 
or  switchboard-room  can  be  obtained.  When  necessary  to  raise 
the  battery-room  temperature  during  cold  weather  and  the 
above  arrangement  is  not  practical,  then  the  room  may  be 
heated  by  steam,  hot-water  coils,  or  by  electric  heaters. 

In  the  great  majority  of  cases  natural  ventilation,  obtain  by 
inlets  at  the  floor  level  at  one  end  of  the  room  and  outlets  at  the 
ceiling  at  the  other,  will  be  all  that  is  required,  but  in  particular 
cases,  as  in  very  long,  low-ceilinged  rooms,  forced  ventilation 
may  be  found  necessary.  To  provide  for  this,  a  small  fan  can 
be  installed  at  the  inlet  to  force  air  into  the  room  or  at  the  out- 
let to  draw  it  off.  For  inlet  fans,  direct-connected  outfits  are 
preferable,  but  for  exhaust  fans  a  belt-driven  set  will  be  found 
most  suitable,  the  belt  being  of  rubber  and  the  fan  blades 
thoroughly  protected  with  a  coating  that  will  reasonably  resist 
the  action  of  the  acid  fumes.  The  inlet  should  always  be  at  the 
end  of  the  room  where  the  regulating  cells  are  installed,  so  that 
the  fume-laden  air  will  be  carried  away  from  the  end-cell  copper. 
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one  inch  or  ten  feet,  as  you  please.     It   will  put   1500  feet  of 
4oo,ooo-circular-intls  copper  cable  up  on  a  pole  line  when   the 


rope  is  in  place,  in   40  minutes;    it    will   draw  the  cable,  with 
block  and  falls  jusi  as  you  want,  and  hold  it  there  until  tied  in. 


upanying  cut  will  show  how  it  is  secured  to  a  v 
for  transportation,  the  wagon  being  fastened  to  a  pole  with   a 
chain.  E,  B,  GREENE 

Use  rope  blocks  and  gin  poles,  pulling  either  by  windlass  or 
by  horse-power,  using  guys  on  pole  to  keep  it  in  line.  We  have 
an  old  horse  that  will  walk  up  with  the  largest  poles  we  have 
to  handle,  as  regiilariy  as  clockwork. 

THE  SHERBROOKE  PR.,  LT.  AND   HT.  CO. 
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There  is  no  specific  way  which  I  could  claim  as  the  cheapest 
or  best  for  erecting  iarge  poles.     The  cost  of  the  e 
pole  depends  altogether  on  the  location  and  upoi 
obstructions  there  may  be.     I  find  il  is  most  profitable  to  pike- I 
up  any  pole  over  65  feel.     [  usually  lake  a  small  pole — about  35  I 
feel  long— and  place  it  in  the  ground  about  one  foot.     To  this  I  J 
attach  three  guy  ropes,  making  them   good   and   fast.     I   ihei*  I 
take  a  pair  of  pulley  blocks,  make  them   fast  10  the  end  of  the-  | 
pole,  and  make  the  other  end  fast  to  the  pole  to  be  raised, 
such  a  place  thai  the  butt  will  be  just  a  trifle  heavier  than  ll 
other  end.     Then  1  hitch  a  horse  to  the  rope  and  draw  ihe  pole  ' 
up  while  four  men  steady  it  with  pikes.     A  horse  will  pull  it  up 
quite  easily,  and  it  can   then   be  dropped  down   into  its  place. 
By  this  system  five  or  six  men  can  go  ahead  all  day  and  make  a. 
good  showing  without  undue  effort.  FRANK  J.  DAVIS. 

Derrick  on  wheels,  using  horse  for  power.  It  takes  abouL  J 
10  minutes  to  erect  a  60-fool  pole,  from  the  time  they  take  hold* 
of  it  until  they  let  it  go. 

THE  EDISON   ELbC.  ILL'G  CO.  OF  BOSTON. 
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Any  pole  more  than  50  or  60  feet  long  is  loo  large  to  be 
raised  with  pike  poles,  and  is  generally  raised  with  a  shear  pole 
or  a  pair  of  same.  The  shear  poles  must  be  properly  guyed, 
and  a  block  and  fall  suspended  from  top  of  same.  The  line 
from  upper  block  must  lead  through  a  snatch  block  at  base  of 
shear  pole.  The  pole  to  be  raised  is  caught  by  a  lashing  about  _ 
the  middle,  so  that  the  butt  will  swing  downward  when  the  polff 

A  team  of  horses  is  then  hitched  lo  end  of  line,  and  pole  t&l 
hoisted  until  it  will  swing  into  hole,  which  for  very  large  poles 
should  be  about  seven  feel  deep,  and  after  pole  is  in  place  (he 
hole  should  be  properly  filled  and  tamped. 

H.  S,  N.  V.  ED.  CO. 


No.  toi. — Is  a  iittgle-phaie.  ht-o-phase  or  three-phase  dislriiftitu 
best  adapted  for  ligkiing  in  cities  of  from  15,000  to  50,000  foputaliont^ 

For  lighting  cities  of  15,000  10  50,000  inhabitants— 
purely  lighting  purposes — the  single-phase  system  is  perhaps 
the  best.  As  the  single-phase  motor  does  not  give  the  same 
satisfaction  as  the  two-phase  or  three-phase  motor,  1  regard  the 
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three-phase  system  as  the  best  with  single-phase  circuits  for 
lighting  and  the  three-phase  circuits  for  motors.  The  two-phase 
would  be  just  as  good  but  for  the  saving  of  copper  used  in  the 
three-phase  motor  circuit.  (UNSIGNED.) 

Single-phase,   on    account    of    simplicity    of    wiring    and 
apparatus.  F.  VAN  der  VOORT. 

The  single-phase  system  is  the  simplest  and  usually  the 
most  satisfactory  in  small  and  medium-sized  cities  for  lighting 
exclusively.  Practically,  this  is,  however,  a  hypothetical  case, 
as  some  power  business  can  always  be  secured  in  cities  of  15,000 
to  50,000  inhabitants.  In  that  event,  the  distribution  in  general 
could  still  be  single-phase,  supplied  from  two-phase  or  three- 
phase  generators  with  the  additional  wires  run  out  only  to 
where  large  motors  are  located.  Multiphase  transmission  can. 
eventually  be  used  should  load  in  any  one  locality  become  heavy 
enough  to  make  this  advisable.  As  between  two-phase  an(^ 
three-phase  systems,  the  latter  has  undeniably  many  advantages, 
over  the  former.  With  old  machines  of  very  poor  inherent, 
regulation,  some  advantages  have  also  been  claimed  for  the  two- 
phase  system.  With  modern  machines  having  good  inherent 
regulation  and  properly  designed  system  with  regulators  on 
each  feeder,  three-phase  generators  supplying  single-phase 
feeders  for  power  or  heavy  lighting  loads  at  some  distance,  is. 
undoubtedly  the  best  and  most  economical  arrangement. 

P.  JUNKERSFELEt 

It  depends  on  local  conditions.  Three-phase  is  generally 
satisfactory  and  can  be  used  to  best  advantage  for  motor  or 
transmission.  W.  S.  BARSTOW. 

Single-phase  is  best  adapted  for  small  cities,  provided  there 
is  no  possibility  of  motive  power  being  required.  This,  how- 
ever, is  an  almost  impossible  condition.  Three-phase  systen» 
had  best  be  adopted.  H.  G.  STOTT. 

Single-phase  if  city  covers  a  wide  area  and  business  is  scat- 
tered and  in  small  units  and  only  small  power  business  is  to  be 
considered.  If  the  city  is  closely  settled,  three-phase  distribu- 
tion will  prove  to  be  the  most  economical,  and  particularly  so  if 
power  business  is  to  be  cared  for.     There  are   a  great    many 
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cities  where  a  combination  of  the  two  types  of  service  would  be: 
very  advantageous,  but,  in  general,  the  conditions  of  each  city 
should  be  studied  to  determine  what  is  best  for  its  particular 
case,  the  choice  lying  between  single  and  three-phase  or  a  com-  • 
bination  of  the  two  ;  that  is,  putting  lighting  on  one  phase  and 
using  third  wire  for  power  only. 

THE  EDISON  ELEC.  ILL'G  CO.,  OF  BOSTON. 

Two-phase.  P.  T.,  N.  Y.  ED.  CO. 

No,  loj. — Has  the  220'440'Voli,  three-wire  system  proved  success- 
ful and  satisfactory  in  operation?  Please  state  troubles  experienced 
as  well  as  benefits  derived. 

The  220-440-volt  system  is  successful,  but  it  is  a  question 
whether  the  disadvantages,  such  as  low-efficiency  lamps,  diffi- 
culty in  arranging  arc  lamps  and  high-voltage  motors,  do  not 
counter-balance  the  benefit  in  saving  of  copper. 

W.  S.  BARSTOW. 

The  220-440-volt  distributing  system  has  been  in  successful 
operation  in  California  for  some  time.  The  great  advantage  in 
this  system  of  course  lies  in  the  distance  that  can  be  reached  by 
secondaries  from  one  bank  of  large  transformers  with  a  reason- 
able per  cent  of  drop.  It  is  quite  easy  to  reach  a  distance  of 
three-quarters-of-a-mile  radius  with  this  system  and  still  main- 
tain a  very  good  regulation.  There  are  several  advantages  in 
using  large  transformers,  as  is  well  known,  principal  among 
them  being  a  less  percentage  of  core  losses  and  first  cost  per- 
unit  of  capacity.  It  is  also  possible  with  large  transformers  to 
allow  a  less  percentage  of  transformer  capacity  to  lamps  con- 
nected. Where  current  is  sold  on  a  meter  basis,  40  per  cent  of 
the  connected  lights  in  transformer  capacity  has  been  found 
sufficient.  This  low  percentage  of  transformer  capacity  would 
of  course  be  impractical  where  small  transformers  are  used  for 
individual  houses.  It  has  also  been  found  that  these  lamps  are 
less  sensitive  to  fluctuations  in  voltage  than  a  iio-volt  lamp. 
There  has  been  no  disadvantage  noticed  in  the  use  of  the 
system  where  a  good  quality  of  sockets,  switches  and  cut-outs 
are  used.  There  is  a  slight  tendency  to  arcing  in  key  sockets^ 
l)ut  with  a  good  socket  this  can  easily  be  taken  care  of. 

C.  O.  POOLE. 
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Ves  :  requires  rewiring  of  old  installations  ;  can  not  use  the 
highest  efficiency  lamps  now  obtainable  ;  best  adapted  for  scat- 
tered territory.  P.  T.,  N.  Y.  ED.  CO. 

Only  two  320-440-voll,  thre 
middle  West  have  come  under  r 
cerning  one  that  when  planned 
would  be  almost  entirely  powe 
lighting.  The  500-voU,  direct-cui 
adapted,  a  neutral  wire  be 
few  who  could  be  supplied  with  zso-volt  lamps.  Had  the 
engineers  anticipated  the  large  incandescent  lighting  load  that 
has  been  connected,  a  different  system  might  have  been  adopted. 
At  another  plant  the  system  had  been  adopted  by  a  predeces- 
sor, and  the  present  engineer  did  not  feel  called  upon  to  defend 
its  adoption. 

Where  the  power  business  is  a  large  part  of  the  load  this 
system  may  well  claim  careful  consideration.  But  where  the 
load  is  mostly  lighting,  or  where  only  a  small  portion  of  the 
power  load  is  intermittent  and  requires  variable  speed,  poly- 
phase alternating  seems  to  have  strong  claims. 

The  disadvantages  of  the  sso-aso-voll  system  gather  about 
three  points:  the  high  voltage,  the  incandescent  lamp  and  the 
arc  lamp.  Difficulties  from  arcing  at  fuses  and  switches  may  be 
overcome  by  careful  selection  of  supplies.  One  would  expect 
trouble  on  account  of  the  severity  of  shocks  received  bv  custom- 
ers when  the  inevitable  ground  gets  on  one  of  the  outer  wires, 
or  even  upon  the  neutral.  The  22o-voll  arc  lamp  is  not  a  con- 
spicuous success,  largely  on  account  of  the  strong  violet  tint 
due  to  the  length  of  the  arc  ;  the  operation  of  two  arcs  in 
series,  when  the  conditions  allow,  may  improve  the  situation. 
Since  the  220-voit  incandescent  lamp  made  its  appearance  ten 
years  ago,  it  has  come  into  extensive  use,  in  spite  of  its  lower 
■efficiency.  The  best  lamp  manufacturers  have  not  succeeded  in 
making  the  210-volt  lamp  the  equal  of  the  110-volt  lamp,  and 
from  its  nature  the  problem  seems  hopeless.  For  lamps  of  the 
same  candle-power  the  higher  voltage  filament  must  be  longer 
and  of  smaller  sectional  area.  It  is,  therefore,  mechanically 
weaker  and  will  not  hold  up  at  so  high  temperature.  For  a 
given  life,  it  seems  that  the  higher  voltage  lamp  must  operate 
at  lower  temperature  and  therefore  at  lower  efficiency.  This  is 
illustrated  by  the  guarantee  made  by  one  of  the  largest  manu- 
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facturcrs,  who  guarantees  four-watt,  azo-volt  lamps  to  deveid 
9500  candle-hours  before  dropping  to  80  per  cent  of  i 
candle-power,  while  they  guarantee  3.3-watt,  iiovolt  lamps  of 
similar  type  to  develop  9777  candle-hours.  For  practically  the 
same  performance  the  120- volt  lamp  takes  over  10  percent  more 
power  than  the  iio-volt  lamp.  To  supply  a  given  amount  of 
light,  the  plant  using  220-volt  lamps  must  therefore  have  station 
capacity  zo  per  cent  greater  than  would  be  required  if  1  lo-volt 
tamps  were  used,  assuming  equal  efficiency  for  the  distribuiiil{ 
system. 

To  offset  the  greater  cost  of  station  equipmer 
smaller  cost  of  copper  for  the  higher  voltage.  According  to  thi 
elementary  theory,  doubling  the  voltage  should  reduce  the 
weight  of  copper  to  3$  per  cent.  This  weight  is  increased 
per  cent  on  account  of  the  lower  efficiency  of  the  lamps, 
saving  in  copper  is  reduced  further  by  the  fact  that  a  consider- 
able part  of  the  iio-volt  distributing  system  uses  conductors  as 
small  as  mechanical  strength  will  allow,  hence  an  increase  of 
voltage  will  only  improve  the  regulation  and  will  not  allow  the 
use  of  smaller  conductors.  This  improved  regulation  will 
reduce  to  an  indeterminate  amount  the  difference  between  the 
efficiencies  of  high  and  low-voltage  lamps.  The  total  weight  of 
copper  required  for  the  azo-volt  lamps  will  probably  be  40  or  50 
per  cent  of  thai  required  for  an  equal  number  of  iio-volt  lamps. 
If  the  lines  are  underground  the  saving  in  copper  is  so  small  a 
part  of  the  total  cost  of  line  thai  it  would  not  begin  to  compel 
sate  for  the  greater  cost  of  station  equipment.  With  overhead 
lines  the  total  investment  will  be  the  same  for  systems  with 
110-voIt  and  220-volt  lamps  when  the  cost  of  about  half  ihi 
copper  required  for  iio-volt  lamps  equals  about  10  per  cent 
the  cost  of  station  equipment  for  iio-volt  lamps.  The  mol 
load,  of  course,  favors  the  higher  voltage. 

It  may  be  urged  in  favor  of  the  aio-volt  lamps  that  t1 
central  station  sells  energy  and  not  light ;  that  comparisons 
between  various  stations  are  made  on  the  basis  of  selling  cost 
per  kw-hour  rather  than  upon  cost  per  candle-hour;  therefore 
the  lower-efficiency  of  the.iio-volt  lamp  does  not  stand  against 
the  central  stations,  but,  on  the  contrary,  tends  to  increase  the 
revenue.  This  argument  may  hold  where  there  is  no  competi- 
tion, but  eventually  ihe  interests  of  the  consumer  and  the 
facturerare  one.  The  aim  of  the  engineer  should  be  to  fun 
the  required  light  at  the  least  cost,  and  this  seems  to  indi 
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against  the  use  of  zzo-volt  lamps,  both  arc  and  incandescent,  i 
the  majority  of  cases.  GEO.  D.  SHEPARDSON. 


I  beg  to  s 
ing  a  maximu 
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mil  my  experience  in  operating  a  station  carry- 
1  load  of  about  5600  kilowatts,  5000  kilowatts  of 
which  is  distributed  on  the  high-voltage,  direct  current,  three- 
wire  system,  the  remainder  being  used  for  series-arc  street 
lighting. 

The  system  covers  a  district  rather  irregular  in  shape,  the 
most  remote  points  of  which  are  about  three  miles  from  the 
station.  This  district  is  all  fed  from  one  station  centrally 
located.  Standard  pressure  is  maintained  at  the  ends  of  long 
feeders  by  operating  two  and  sometimes  three  'busses  at  differ- 
ent potentials  in  the  station.  Eighty  per  cent  of  the  demand 
for  current  is  in  the  underground  or  subway  district,  which 
occupies  the  central  portion  of  the  area  covered  and  constitutes 
about  one-fourth  of  the  entire  area  of  the  district  covered.  The 
pressure  maintained  at  the  ends  of  feeders  is  235  volts  between 
neutral  and  either  of  the  outside  wires.  The  area  of  the  ter- 
ritory covered  by  the  system  of  three-wire  mains  is  about  nine 
square  mile^.  All  mains,  both  underground  and  overhead,  are 
cribbed  together  into  a  network,  provision  being  made  in  the 
underground  district  to  isolate  a  main  or  section  of  the  under- 
ground system  by  means  of  removing  copper  catches  in  cable 
junction  boxes.  The  system  is  operated  from  generator  to 
customer's  cut-out  or  main-line  switch  without  fuses  or  circuit- 
irouble  under  these  conditions, 
unded  in  the  station,  but  insulated 
at  all  other  points.  The  system  has  been  entirely  satisfactory 
in  operation,  and  has  been  in  active  and  successful  competition 
against  a  well-developed  single-phase  alternating  system  operat- 
ing in  conjunction  with  a  soo-volt  direct-current  power  circuit. 
The  system  under  discussion  has  had  the  above-mentioned  com- 
petition since  the  day  it  was  first  put  in  operation. 

The  advantages  that  have  developed  are  :  High  efficiency 
of  distributing  system  (being  94  per  cent  from  switchboard  to 
customer's  meter),  tow  cost  of  maintenance,  low  first  cost  per 
square  mile  of  distributing  system,  capability  to  supply  satis- 
factory service  over  large  areas  with  comparatively  small  invest- 
ment in  copper,  saving  in  duct  and  cross-arm  space,  ability  to 
supply  all  classes  of  service  from  one  service  connection  of 
three  wires  and  from  one  generator. 
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The  disadvantages  that  have  developed  are  :  Low  efficiency 
of  arc  and  incandescent  lamps ;  extra  care  necessary  in  install- 
ing wires  for  lighting  :  extra  space  required  for  tablet  and 
switchboard  ;  expense  necessary  in  bringing  old  wiring  up  to 
the  standard  required  for  235-470  volts. 

It  may  be  interesting  to  state  just  what  the  above-men- 
tioned disadvantages  amount  to  in  actual  practice.  Single- 
burning  incloscd-arc  lamps  consuming  2.75  amperes  are  on 
service  on  this  system  and  compete  successfully  with  alternating- 
current  arcs  consuming  seven  amperes  at  113  volts.  Arc  lamps 
burning  two  in  series  on  235  volts  and  giving  like  service  con- 
sume 540  watts  across  the  terminals  of  each  lamp. 

Incandescent  lamps  of  16  and  32  candle-power  are  only 
accepted  when  the  efficiency  is  3.75  watts  per  candle,  or  better. 
The  life  of  these  lamps  before  a  drop  of  20  per  cent  of  candle- 
power  is  about  50Q  hours.  Eight  and  (o-cp  lamps  are  required 
to  show  an  efficiency  of  four  watts  per  candle  ;  four  and  six-cp 
lamps  are  used  and  are  burned  two  in  scries  on  235  volts.  The 
extra  care  required  in  installing  wiring  for  use  in  connection 
with  this  system  simply  means  the  use  of  rubber-covered  wire 
wherever  the  three  wires  are  run  in  damp  places  ;  slow-burning 
weather-proof  wire  is  used  for  open  work  where  dry  conditions 
prevail.  Fibre-lined  sockets,  long-break  cut-outs  and  switches 
are  also  required.  Standard  quality  of  flexible  cord  is  used 
with  entire  success. 

To  obtain  the  space  required  for  tablet  boards  is  sometimes 
inconvenient,  although  this  difficulty  has  never  yet  caused  the 
company  operating  the  system  to  lose  a  prospective  customer. 

S.  B.  WAY. 


No.  104, — How  may  the  swinging  had  u 
e  lampi  be  prevented  from  breaking  T 


•s  from  cross-armi  I9 


We  have  no  trouble  when  using  flexible  leads  ;  either  single 
leads  or  duplex  cable,  I  doubt  if  there  is  any  thoroughly  effect- 
ive method  of  preventing  breaks  if  a  solid  conductor  is  used  for 
a  lead.  If  the  flexible  lead  is  carried  to  the  cross-arm  and 
attached  thereto,  so  that  the  connection  to  the  line  is  made 
between  the  cross-arm  and  the  line  (so  that  the  solid  conductor 
has  no  strain),  there  should  be  no  trouble,  judging  from  our 
experience.  GEO.  B,  LAUDER. 


Swinging  lead  wires,  fromr  cross-arms  to  afc  lamp  may  be 
prevented  from  breaking  by  either  of  the  two  following  methods: 
First — Use  a  good  grade  of  stranded  cable,  comparatively  light 
in  weight,  and  connect  it  to  the  line  just  before  it  reaches  the 
glass  on  the  cross-arm  from  which  the  lead  wire  is  to  be  taken, 
and  use  this  stranded  cable  as  a  lead  wire.  In  tying  it  in  at  both 
ends  let  your  tie-wire  extend  along  the  cable  for  several  inches, 
as  this  will  make  the  bend,  caused  by  swinging,  longer.  Second 
— Use  ordinary  solid  line  wire,  but  at  each-  insulator,  at  both  the 
lamp  and  cross-arm.  make  a  coil  of  about  four  turns  and  about 
three-quarters  of  an  inch  inside  diameter.  Support  the  weight 
of  the  wire  by  a  stout  hemp  cord  or  light  rope  that  has  been 
dipped  in  pitch,  by  tying  it  just  beyond  this  coil  and  to  the 
insulator.  In  this  way  the  swinging  of  the  wires  is  taken  up  in 
the  coil  and  the  wire  does  not  crystalize  and  is  not  liable  to 
break,  L.  E.  WATSON. 

Inserting  a  piece  of  flexible  conductor  at  the  ties  on  pole 
and  lamp,  will  greatly  reduce  the  liability  to  breakage. 

O.  H.  SKIDMORE. 

Connect  No.  6  stranded  cable  around  insulator  and  from 
lamp  hanger  to  binding  post  in  lamp.  We  have  used  this 
method  for  ii  years  and  have  found  it  very  reliable. 

THE  SHERBROOKE  PR,.  LT.  AND  HT.  CO. 


I  have  had  much  trouble  with  the  breaking  of  the  leads  to 
arc  lamps,  but  1  have  entirely  overcome  it  by  using  flexible 
leads  and  placing  a  jumper  on  the  main  line  and  lead  where  the 
lead  connects  to  the  main  line  on  the  cross-arm  insulators,  and 
by  twisting  the  wire  on  which  the  lamp  is  suspended,  thus  form- 
ing a  loop  or  ring  through  which  the  lead  passes  through  dowTk 
to  the  terminal.  This  ring  is  about  15  inches  above  the  ter- 
minal of  the  lamp.  This  ring  method  prevents  the  wire  from 
breaking  where  it  enters  the  terminal  of  the  lamp,  as  all  of  the 
strain  or  hinge  motion  caused  by  raising  or  lowering  the  lamp 
and  by  the  blowing  of  the  wind,  is  entirely  removed,  I  have 
been  using  this  method  about  three  years  and  none  of  the  leads 
have  yet  broken.  I  have  quite  a  number  of  lamps  where  the 
leads  are  just  ordinary  line  wire,  arranged  as  described  above^ 
and  none  of  these  have  broken.  ERNEST  LUNN. 
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By  de&d-ending  the  line  at  pole,  then  securing  a  break-knob 
to  line  insulator  by  a  fairly  rigid  iron  wire.  Pass  the  lead  wire 
through  the  hole  in  the  break-knob  and  dead-end  it.  Finally, 
interpose  a  close-wound  helix  of  stranded  copper  wire  from  tine 
to  lead  wire,  forming  a  flexible  connection.  The  break-knob 
acts  as  a  hinge  and  eliminates  any  bending  movement  of  either 
line  or  lead  wire  occasioned  by  raising  or  lowering  lamps  or 
toy  swaying.  GUY  C.  GUM. 

If  swinging  lead  wires  from  cross-arms  to  arc  lamps  are 
made  of  No.  6  B.  &  S.  stranded  cable  of  about  48  strands,  very 
little  trouble  will  be  found  from  wires  breaking  off  at  cross-arm 
pins  or  arc  binding  posts.  The  same  results  may  be  obtained 
by  splicingon  about  four  feet  of  stranded  cable  to  each  end  of 
the  swing  lead  wires.  C.  W.  HUMPHREY. 

Swing  lead  wires  from  cross-arms  to  arc  lamps  may  be  pre- 
vented from  breaking  by  using  flexible  cable  of  tine  wire  and 
attaching  the  same  to  insulated  spreaders  fastened  to  the  top  of 
the  lamps.  E.  H.  MATHER. 

The  swinging  lead  wires  from  cross-arms  to  arc  lamps  may 
best  be  prevented  from  breaking  by  twisting  the  lead  several 
times  around  the  wire  that  is  a  part  of  itself,  on  the  other  side 
of  the  insulator  ;  that  is,  instead  of  fastening  the  lead  with  a  tie- 
wire  and  carrying  it  to  a  lamp,  take  the  lead  around  insulator, 
as  if  you  were  going  to  tie  a  dead  end,  then  follow  with  several 
loose  turns,  which  makes  a  spiral  on  the  tight  wire.  The  spiral 
acts  as  a  kind  of  spring.  CHAS,  H.  PETERS. 

The  breaking  of  swinging  lead  wires  on  arc  lamps  has  been 
very  greatly  reduced  ih  Chicago  by  the  insertion  of  a  short 
length  of  heavy  rubber- cove  red  No.  6  cable  in  the  circuit  at 
points  where  breaking  occurred  most  frequently. 

H.  B.  GEAR 


The  writer  tried  a  scheme  which  is  as  follows:  Where  the 
swinging  leads  of  the  arc  lamps  were  tied  on  to  the  insulators 
(both  leaving  the  pole  and  on  the  lamp),  connecting  a  piece  of 
flexible  cable  on  in  such  a  way  as  to  bridge  the  "open  "  in  case 
«f  breakage  of  the  wire  caused  by  the  swinging  leads.     This 
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scheme  was  in  use  by  the  writer  for  more  than  three  years,  and 
there  never  once  was  an  open  circuit  caused  by  the  lamp  leads 
breaking.  G.  B.  LELAND. 

By  the  addition  of  a  spreader.  The  lamp  should  be  hung 
from  the  centre  of  the  spreader,  and  the  ends  of  the  lead  wires 
tied  into  or  around  the  insulators  on  each  end  of  the  spreader. 
Connect  the  lamp  to  the  lead  wires  by  a  short  loose  loop  of  soft 
flexible  wire  sweated  on  to  the  lead  wires  back  of  the  tie  on  the 
spreader  insulator.  This  method  eliminates  the  direct  strain  on 
the  lead  wires  due  to  swinging,  raising  or  lowering  of  the  lamp. 
It  also  provides  a  large  binding  or  clamping  surface  for  holding 
the  ends  of  the  lead  wires  rather  than  the  small  bearing 
obtained  with  a  set  screw  holding  the  entire  lead  loop  in  the 
lamp  binding  post.  S.  G.  R.,  N.  Y.  ED.  CO. 

Having  had  the  trouble  indicated  in  this  question,  we  have 
Atted  all  of  our  street  arc  lamps  with  twin  flexible  wire. 
Although  this  is  rather  expensive  in  first  installation,  we  have 
had  absolutely  no  trouble  since  this  time  and  we  think  the  extra 
-expense  justified. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 

No,  lo^, —  What  is  the  best  method  of  protecting  wires y  carrying 
-current  of  looo  volts  and  upward^  from  grounds  on  trees  through 
which  they  must  pass? 

We  have  found  no  way  of  protecting  our  wires  from  small 
branches  of  trees,  but  where  the  wires  run  through  large 
branches  we  have  used  tree  insulators  with  very  good  results. 
Our  only  remedy  with  the  small  twigs  has  been  to  trim  them 
off.  F.  ELLWOOD  SMITH. 

We  have  tried  all  kinds  of  schemes,  and  we  now  confine 
ourselves  to  trimming  the  tree,  if  we  can  ;  if  not,  we  get  off  the 
tree.  We  sometimes  use  a  split  knob,  or  some  similar  device, 
and  pass  the  wire  through  the  knob  and  pull  the  knob  away  by 
a  bridle  of  wire,  so  that  it  will  not  hit  a  limb.  The  bridle 
allows  the  wire  to  swing  a  little  in  all  directions,  and  we  have 
found  the  insulation  to  be  enough  for  our  2500-volt  direct  lines. 

GEO.  B.  LAUDER. 
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Suitable  tree  insulators  where  they  will  be  allowed  and 
where  the  wires  pass  through  trees  at  a  point  heavy  enough  to 

attach  tree  insulators.  For  voltages  of  looo  or  jooo  the  smaller 
branches  will  probably  give  comparatively  little  difficulty  even 
in  wet  weather  ;  for  heavy  voltages,  the  wire  should  be  kept  out 
of  the  tree,  or  tree  trimmed  clear  of  them. 

THE  EDISON  ELEC,  ILL'G  CO   OF  BOSTON. 

We  have  found  that  the  ordinary  split  insulator  docs  not 
give  sufficient  insulation  to  our  primary  wires  carrying  3300 
volts  when  used  on  trees;  on  the  contrary,  if  the  lines  are 
rigidly  lied  to  a  glass  on  a  bracket  the  swaying  of  the  trees 
works  them  loose.  We  therefore  combine  the  two,  tying  the 
Split  insulator  to  the  glass  on  the  fixed  bracket,  and  then  run- 
ning the  primary  through  the  split  insulator,  making  sure  that 
the  insulator  lends  to  pull  the  primary  down  slightly  to  prevent 
it  from  swinging  on  to  the  bracket.  This  arrangement  has  been 
very  successful.  CHARLES  G.  BELL. 


For  a  number  of  years  the  Brush  Klectric  Light  Co.,  of 
Philadelphia,  put  in  practical  use  the  various  devices  that  were 
on  the  market.  It  was  determined  in  a  short  time  that  such 
devices  did  not  eliminate  the  trouble,  but  in  many  cases  multi- 
plied it  by  the  constant  wearing  away  of  the  wire  until  the  cross 
section  was  not  suHicient  to  withstand  the  strain  of  the  span, 
thus  causing  wire  10  break.  The  class  of  devices  referred  to 
includes  all  thai  are  rigidly  attached  to  large  limbs  of  trees  and 
provided  with  various  methods  of  supporting  a  porcelain  or 
glass  insulator  as  a  roller 

Our  next  experiment  was  the  use  of  circular-loom  conduit, 
sufficient  in  length  to  pass  through  the  branches  of  the  tree  and 
extend  three  feel  outside  the  branches  at  each  end.  This  con- 
duit was  specially  treated  with  a  thick  asphaltum  paint,  and 
slipped  over  the  ordinary  line  wire.  In  time,  the  conduit  became 
soft  and  places  were  chafed  through  it  by  large  limbs. 

Our  next  step  was  the  use  of  flat  ribbon  steel-armored  wire. 
We  found  thai  the  large  limbs  of  trees  would  turn  the  armor  up' 
edgewise  sufficiently  to  cut  through  the  insulation  and  place  the 
entire  length  of  steel  armor  in  circuit. 

About  five  years  ago  we  adopted  the  use  of  rubber- insulated 
wire.  Kid  arc  using  the  same  lo-day.     Our  potential  on  aerial 
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lines  ranges  from  looo  to  5000  volts  alternating  current  and' 
1000  to  6500  volts  direct  current  (series  arc).  We  use  for  pro- 
tection through  trees  a  wire  having  insulation  of  five-thirty- 
scconds-inch  pure  rubber,  protected  with  a  double  braid  of 
coarse  jute  treated  with  a  weather-proof  compound.  A  section 
of  this  wire,  sufficient  in  length  to  pass  through  the  branches  of 
tree  and  extend  three  feet  outside  of  the  branches,  is  inserted  in 
the  line,  and  a  wood  sleeve  (made  in  halves)  twcnlv-four  inches 
in  length  is  used  for  protecting  the  rubberwire  from  large  limbs^ 
or  trunk  of  tree.  We  make  a  practice  of  using  the  same  wire 
and  method  of  protection  for  1000  volts  that  we  use  tor  the  6500 
volts,  thus  making  our  looo-volt  lines  adaptable  to  6500  volts  if 
at  any  time  required.  A.  H.  MANWARING. 


Split  porcelain  tubes. 


W.  S.  BARSTOW. 


Cut  limbs  off  trees  between  midnight  and  daylight.  The 
next  best  thing  is  a  tree  insulator  which  is  attached  to  the  limb 
by  means  of  brackets  or  drive  screw.  This  device  consists  of  a 
double-petticoat  glass  insulator  provided  with  a  porcelain  pulley 
on  which  the  wire  rests  and  through  which  it  is  free  to  slide. 
Where  the  lines  are  too  small  to  attach  these  insulators,  cover 
the  wire  with  wooden  protectors  to  prevent  abrasion  of  insulation. 
W.  T.  M..  N.  Y.  ED.  CO. 

No.  106. —  What  is  the  btst  protection  /or  telephone  lines  strung 
on  poles  carrying  high-tension  circuits,  or  on  separate  poles  at  sucA 
distance  from  high-tension  poles  that  there  is  a  possibility  of  high- 
tensioH  wires  falling  or  being  blown  upon  the  telephone  wires? 


^  If  the  wires  mentioned  are  close  enough  to  come  in  contact 

by  wind-swing,  it  would  be  best  to  move  telephone  wires  to  a 
safe  distance.  If  merely  strung  directly  below  high-tension 
wires,  it  would  be  best  to  place  a  special  arm  on  poles  between 
the  leads,  stringing  thereon,  at  each  extreme  of  this  arm,  a 
single  steel  wire,  tying  in  a  span  across  these  lines  every  20  feet. 
But  if  careful  linemen  are  employed,  the  lines  can  be  SO  put  up- 
that  they  are  safe  without  any  such  device. 

bo.  H.  SKIDMORE. 


Guard  wires, 


W,  S.  BARSTOW. 
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tion  of  which  1  am  aware  that  allows  of  small  air-gaps  for  high 
tersion,  and  yet  it  acts  without  any  mcchiinical  arc-breaking 
devices.  Instead  of  putting  an  end  to  an  arc  due  to  the  normal 
current  following  lightning  discharge,  this  combination  prevents 
the  formation  of  the  arc.  by  primarily  barring  the  current.  On 
account  of  the  smallness  of  the  air-gap,  the  safety  of  the  lines  is 
greatly  increased.  In  fact,  such  a  contrivance  will  act  as  a  line 
-discharger,  relieving  the  line  of  the  ordinary  smaller  atmospheric 
disturbances. 

JOHN    F.  KELLY. 

Standard  lightning  arresters,  and,  possibly,  some  additional 
circuit  gaps  installed  at  suitable  points,  circuit  gaps  being  set 
for  lower  strains  than  the  lightning  arresters. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Mr.  F.  R.  Cutcheon,  of  St.  Paul,  has  devised  a  lightning 
arrester  with  several  air-gaps  and  connecting  with  different  por- 
tions of  the  winding  of  the  transformers,  with  one  air-gap 
intervening  between  each  of  these  cunnections,  which  I  think 
will  prove  a  very  valuable  means  of  protecting  transformers 
from  excessive  strains,  HENRY  L.  DOHERTY. 

We  have  had  a  good  deal  of  experience  along  this  line,  not 
all  of  which  has  been  successful,  however.  We  have  used  non- 
arcing  lightning  arresters  with  choke  coils  at  our  generating 
plants.  While  we  know  that  choke  coils  are  bad,  lightning  is 
worse.  This  arrangement  has  not  been  entirely  satisfactory,  on 
account  of  the  long  distance  between  stations  ;  several  poles 
have  been  split  in  pieces  by  lightning  discharging  down  the 
pole. 

Our  telephone  line  runs  on  the  same  poles  with  the  trans- 
mission line,  about  five  feet  below.  This  line  is  insulated  with 
common  double-petticoat  insulators  and  run  on  brackets.  I 
hax-e  found  that  in  most  cases  poles  have  been  split  from  the 
telephone  line  down,  while  a  few  have  been  split  from  the 
braces  of  transmission  arms.  This  looks  to  me  as  if  a  line  that 
had  the  least  resistance  to  earth  were  the  line  most  subject  to 
lightning  discharges,  and  we  have  equipped  46  miles  of  line  with 
a  wire  parallel  to  the  transmission  line  and  have  grounded  every 
third  pole.  We  are  just  completing  this  work  and  have  bad  do 
chance  to  judge  the  results  that  we  hope  to  obtain  in  this  way. 
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With  a  grounded  line  on  the  poles,  it  is,  of  course,  necessary 

that  the  transmission  line  sliould  be  more  carefully  insulated. 

'I  regret  that  I  can  not  give  you  more  definite  information  on 

this  subject,  but  believe  that  in  another  year  we  shall  be  better 

informed.  H,  C.  HOAGLAND. 

The  question  of  lightning  protection  is  a  very  deep  and 
important  subject,  and  what  might  be  considered  a  safe  protec- 
tion in  one  locality  would  be  utterly  useless  in  others.  On  the 
Pacific  coast  we  have  found  it  good  protection  to  use  several 
choke  coils  in  series  on  each  leg  of  the  transmission  line,  with 
several  independent  paths  to  ground  through  large  surface 
arresters.  In  addition  to  this  we  have  used  a  modification  of 
the  Siemens  horn  arrester  connected  to  the  primary  line  on  the 
outside  of  the-choke  coils.  A  fixed  resistance  should  be  placed  in 
each  leg  of  the  horn  arrester  to  ground,  to  limit  the  current  when 
the  arc  jumps  across  the  arrester.  This  combination  has  proven 
quite  successful  on  long-distance  transmission  lines  of  voltage 
up  to  4Q,ooo  volts.  When  an  extreme  rise  in  potential  comes 
upon  the  line,  either  from  lightning  or  sudden  release  of  short- 
circuit,  the  horn  arrester  will  hold  the  voltage  down  within  a 
reasonable  per  cent  of  normal,  and  when  the  arc  breaks  between 
the  horns  by  decreasing  of  voltage  due  to  the  partial  short- 
circuit  by  the  arrester,  the  lightning  arrester  will  then  take  care 
of  the  line.  C.  O.  POOLE. 

The  best  method  known  to  us  for  protecting  transformers, 
etc.,  from  lightning  and  other  static  strains,  is  a  set  of  choke 
coils  and  non-arcing  arresters.  Several  different  arrangements 
of  these  arresters  have  been  used  by  us,  and  while  they  are  not 
an  absolute  protection,  still  we  have  had  very  little  trouble  with 
transformers  thus  protected.  We  have  not  given  the  low  equiv- 
alent arresters  and  static  interrupter  a  trial  as  yet,  but  expect  to 
do  so.  A.  L.  WOODHOUSE. 

Installation  of  improved  lightning  arresters  at  all  terminals 
of  transmitting  line  and  barbed  wires  on  poles.  Avoid  switching 
high-tension  side  of  transformers  and  also  single-pole  switches. 

P.  T.,  N.  Y.  ED.  CO. 

No.  1 08. —  What  is  the  latest  practice  for  prevention  of  explosion 
..of  lightning  and  sewer  gas  in  conduits  ? 

Ventilation  of  manholes  and  conduit. 

W.  S.  BARSTOW. 
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Explosions  of  ga^  in  manholes  are  best  prcTcnted  by  using- 
ventilated  manhole  covers  and  by  keeping  the  cables  in  good 
condition  so  that  there  is  no  chance  for  a  spark  or  flame  to 
ignite  the  gas.  If  the  continued  presence  of  gas  is  noticed  in 
any  manhole  or  group,  the  gas  company  should  be  notified. 

W.  G.  CARLTON. 

The  best  practice  is  to  use  double  manhole  covers,  the 
upper  one  of  which  is  perforated  with  a  large  number  of  holes,, 
the  lower  one  being  merely  a  shield  to  keep  the  dirt  from  fall- 
ing down  into  the  manhole,  and  thus  allowing  the  gases  to  pass 
off  freely  into  the  atmosphere.  H.  G.  STOTT. 

We  are  using  perforated  covers  for  our  manholes  and  are 
having  comparatively  little  difficulty. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

All  manholes  and  distributing  boxes  should  be  provided 
with  perforated  covers.  Experience  has  shown  that  there  is 
sufficient  circulation  through  these  ventilated  covers  to  keep  the 
conduit  system  practically  free  from  explosive  gases. 

Precautions  :  ist.  Provide  the  manholes  with  ventilating 
covers,  as  described. 

3d.     Keep  the  openings  of  these  covers  clean. 

3d.  Keep  the  manholes  as  clean  as  possible  and  as  free 
from  water  and  dampness  as  possible. 

4th.  Seal  up  the  subsidiaries  and  laterals  carefully  at  the 
ends. 

5th.     Have  sewer  drains  well  trapped. 

6th.  Keep  gas  mains  in  the  vicinity  of  conduits  in  good 
repair. 

7th.  Keep  gas  mains  as  far  away  from  conduits  and  man- 
holes as  possible. 

8th.     Take  all  possible  precaution  against  burnouts. 

9th.  Protect  the  conduits  and  cables  from  mechanical 
injuries  caused  by  other  excavations. 

J.  B.  N.,  N.  Y.  ED.  CO. 

In  the  latest  practice  for  the  prevention  of  explosions  due  to 
illuminating  and  sewer  gas  in  condmts,  the  tendency  appears  to 
be  toward    the   use  of   perforated    manhole   covers    and    other 
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means  of  natural  ventilation  ;  and  the  gradual  disuse  of  artificial 
ventilation,  such  as  by  blowers. 

WILLIAM  MAVER,  JR. 

No.  lOQ. — ///  a  io,ooo-volt  line — i^-mik  line  over  mountain 
country — our  banks  of  arresters  keep  continuously  hissing  when  lines 
are  hot.  They  did  not  hiss  last  year^  but  do  now.  Why  ?  Arresters 
also  will  hiss  when  not  attached  to  ground  wire.  Why  ?  We  also 
note  that  building  up  arresters  from  four  to  five  blocks  makes  no  dif- 
ference.     Why  ? 

I  am  somewhat  in  doubt  as  to  my  comprehension  of  this- 
question.  The  disturbance  referred  to  seems  to  be  atmospheric 
in  origin,  and,  if  so,  it  ought  to  be  cured  by  any  good  line  dis- 
charger.  I  have  seen  a  bank  of  lightning  arresters  not  over-well 
insulated  spitting  between  the  upper  members.  The  leakage 
from  the  upper  members  and  the  consequent  dissipation  of  the 
charge  protected  the  lower  ones  from  spitting.  Had  the  light- 
ning arresters  been  thoroughly  insulated,  I  have  no  doubt  the 
spitting  between  the  lightning-arrester  members  would  have 
ceased,  but  at  the  expense  of  increasing  the  strain  on  more 
important  organs  of  the  system.  The  low  insulation  was  a  poor 
way  of  accomplishing  the  desired  result. 

JOHN  F.  KELLY. 

If  the  ammeters  are  cut  directly  into  a  io,ooo-volt  line 
without  the  intervention  of  transformers,  the  hissing  noises  may 
be  due  to  one  or  two  causes.  First,  there  may  be  a  creeping  to 
ground  through  the  ammeter ;  second,  there  may  be  sufficient 
surface  in  the  ammeters  and  the  parts  to  which  they  are  con- 
nected to  give  static  capacity  sufficient  to  cause  the  hissing. 
This  is  especially  true  of  large  banks  of  lightning  arresters. 

C.  O.  POOLE. 

We  note  a  very  great  difference  in  the  behavior  of  our  various 
arrester  banks.  The  nature  of  the  geometrical  arrangement  of 
these  arresters,  their  proximity  to  walls,  etc.,  the  nature  of  the 
frames  in  which  they  are  placed,  and  many  other  incidents  of 
their  location  and  arrangement,  seem  to  have  a  strong  effect  upon 
the  charging  current  taken  by  a  bank  of  arresters. 

A.  L.  WOODHOUSE. 
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in  the  lightning  arresters.  They  should  be  so  connected  as  to 
give  them  the  same  number  of  gaps  between  each  pair  of  wires, 
and  any  wire  and  the  ground.  Building  up  blocks  would 
increase  the  number  of  gaps  and  would  rather  tend  to  make 
things  worse.  VV.  T.  M.,  N.  Y.  ED.  CO. 


It  looks  as  if  you  had  run  into  a  case  of  minor  resonance, 
resulting  in  abnormal  potentials.  Possibly  this  may  be  compli- 
cated at  times  by  atmospheric  charges.  If  the  hissing  is  nearly 
continuous,  the  latter  cause  is  probably  of  small  account,  while 
if  the  hissing  seems  to  vary  with  the  load  conditions,  it  is  due 
mainly  to  resonance.  If  it  varies  markedly  with  atmospheric 
conditions,  staiic  charge  from  the  atmosphere  plays  at  least  a 
part  in  the  phenomenon.     Ordinarily,  one  may  expect  hissing 

grounded  shows  a  much  greater  amount  of  disturbance  than 
usual.  Remember  that  resonance  is  not  determined  merely  by 
the  inductance  and  capacity  of  the  line,  but  by  the  constants  of 
all  the  apparatus  connected  as  well,  and  that  slight  grounds  or 
other  faults  may  greatly  modify  the  conditions  that  determine 
resonance.  I  have  seen  most  vicious  resonance  produced  by  a 
sudden  change  of  load,  even  apart  from  the  ordinary  singing 
that  results  from  opening  a  switch.  If  your  arresters  hiss  when 
disconnected  from  the  ground  wire,  changing  from  four  to  five 
blocks  could  not  be  expected  to  make  much  difference.  It 
would  be  well  to  keep  watch  and  see  at  what  times  in  the  day 
hissing  is  most  prominent  or  starts  up,  as  thus  you  may  trace  it 
to  a  particular  source.  If  you  have  a  synchronous  motor  on  the 
system,  keep  an  eye  on  it,  and  when  you  get  a  good  chance,  try 
sawing  the  field  current  up  and  down,  meanwhile  noting  the 
effect  on  the  hissing  of  the  arresters.  Shunting  part  of  the 
arrester  gap  to  earth  via  a  very  high  resistance  sometimes  has  a 
good  effect,  as,  In  fact,  anything  will  that  tends  to  keep  the  line 
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discharged  while  avoiding  risk  of  a  short-circuit  following.  I 
should  be  glad  to  hear  further  particulars  of  the  phenomena,  as 
they  develop,  especially  the  effect  of  changing  load. 

LOUIS  BELL. 

The  load  on  the  lines  this  year  is  probably  different  from 
that  of  last  year,  and  the  different  amount  of  armature  reaction 
■causes  a  difference  in  the  shape  of  the  current  and 'electromotive- 
force  curves.  This  change  in  the  strength  of  the  harmonics 
lessens  the  amount  of  resonance  with  its  consequent  high  local 
electromotive  forces  and  tendency  to  sparking  across  the  static 
arrester.  GEO.  D.  SHEPARDSON. 

No  no.  —  In  an  alternating-current  station  equipped  with  three- 
phase  generators^  is  it  not  better  to  run  all  lighting  load  on  one  phase 
and  adjust  voltage  of  this  phase  to  suit  the  lighting  circuits^  P^y^^g  «^ 
attention  to  either  of  the  other  phase  voltages  and  using  the  three  phases 
for  power  work  only,  buying  machines  designed  to  handle  the  load  in 
this  way,  rather  than  to  attempt  to  balance  lighting  load  on  all  three 
phases  and  adjust  the  three-phase  voltages  to  suit  load? 

This  would  seem  to  depend  upon  the  relation  of  the  amount 
of  lighting  done  to  the  amount  of  power.  It  has  never  seemed 
to  me  that  the  scheme  of  using  one  phase  for  lighting  allowed 
the  full  benefit  of  the  three-phase  system.  The  unbalancing  of 
the  phases  is  certainly  a  trying  annoyance,  but  we  have  thus  far 
kept  cutting  the  load  over,  until  we  have  a  good  balance  most 
of  the  time.  Machines  especially  designed  for  carrying  a 
greater  load  on  one  phase  might  help  solve  the  problem,  but 
such  a  system  would  seem  far  from  symmetrical.  Our  lighting 
load  is  about  equal  to  our  motor  load,  and  such  a  scheme  would 
hardly  seem  advisable ;  there  would  certainly  be  a  large 
difference  in  voltage  on  the  three-phase,  even  for  power,  unless 
the  whole  system  were  laid  out  properly.  I  doubt  if  such  an 
arrangement  would  be  desirable  where  the  lighting  load  was 
large.  GEO.  B.  LAUDER. 

A  station  having  a  number  of  circuits  generally  has  no 
trouble  in  so  placing  the  circuits  on  the  three  phases  as  to 
obtain  a  balance  on  the  machines  that  is  good  enough  for  all 
puq>oses.  Where  a  number  of  circuits  are  operated,  feeder 
regulators  are  a  necessity  for   proper  regulation  of  individual 
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feeders,  and  in  view  of  the  introduction  of  automatic  feeder 
regulators  no  gain  would  be  made  by  having  a  generator 
constructed  specially  to  carry  an  abnormal  part  of  its  capacity 
on  one  phase.  Again,  there  are  strong  objections  to  the  use  of 
such  machines,  as  they  usually  involve  a  higher  first  c&st,  with 
the  additional  difficulty  of  obtaining  parts  for  repairs. 

THE  EDISON  ELhC.  ILL'G  CO.  OF  BOSTON. 

It  is  best  and  cheapest  to  operate  a  three-phase  plant  three- 
phase  throughout.  For  lighting,  use  the  four-wire  system, 
whereby  you  have  the  alternative  of  no  and  220  volts,  or,  if 
you  prefer,  220  and  440 — and  keep  all  three  phases  balanced 
and  voltage  equal.  You  thereby  eliminate  a  potential  regulator, 
which  requires  contact  points  that  become  burned  in  operation, 
and  will  probably  lock  your  switch  at  the  moment  when  it  is 

most  important  that  you  should  use  it. 

O.  H.  SKIDMORE. 

In  alternating-current  stations  equipped  with  three-phase 
generators,  I  regard  it  as  good  practice  to  put  regulators  in 
each  phase  and  to  balance  your  load  as  nearly  as  possible  on  the 
line,  and  thus  give  proper  voltage  on  both  the  lighting  and  motor 
circuits,  for  it  is  often  found  desirable,  where  motors  are  installed, 
to  put  lights  on  the  same  service.  (UNSIGNED.) 

The  writer  used  such  an  arrangement  very  successfully  in  a 
small  plant  that  had  a  combined  load  of  lights  and  motors. 
The  voltage  of  the  lighting  phase  was  controlled  by  an 
automatic  potential  regulator,  and  no  attention  was  paid  either 
to  balancing  the  phases  or  to  the  potential  of  the  other  phases. 
The  motors,  drawing  the  most  of  their  load  from  the  unused 
wire,  made  scarcely  any  disturbance  on  the  potential  of  the 
lamp  circuit ;  this   was  the   case    under  various   conditions    of 

* 

lighting  and  motor  loads.  As  was  to  be  expected,  the  voltage 
of  the  three  motor  legs  varied,  but  no  bad  effects  occurred 
therefrom.  H.  BOTTOMLEY. 

Balance  lighting  on  three-phase,  and  adjust  three-phase 
lighting  to  suit  load.  W.  S.  BARSTOVV. 

In  an  alternating-current  station  with  three-phase  gen- 
erators  and    at    least    a   considerable    number   of   single-phase 
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circuits,  feeder  regulators  should  be  used.  Under  most  con- 
ditions, circuits  can  easily  be  arranged  and  loaded  to  give  a  fair 
balance.  With  good  modern  alternators  and  ample  capacity  in 
feeder  regulators,  such  unbalance  as  will  occur  at  times  docs 
not  harm.  If  single-phase  circuits  are  operated  all  on  one 
phase,  there  is  a  sacrifice  of  25  per  cent  to  40  per  cent  of 
capacity  in  generating  units,  depending  upon  the  manner  in 
which  single-phase  circuits  are  connected  to  three-phase 
generators.  P.  JUNKERSFELD. 

Df  pends  on  percentage  of  lighting  load  to  total  load  ;  under 
average  conditions,  yes.  P.  T.,  N.  Y.  ED.  CO. 

No.  Ill, — In  a  plant  of  jooo  lights'  capacity ^  single-phase,  60- 
4ycle^  primary  1040,  secondary  104,  seven  and  one-half  miles  pole  line, 
2^0  consumers — what  in  good  practice  would  be  the  loss  from  the 
station  switchboard  to  the  consumer  s  meter?  Plant  furnishes  current 
for  lights  only  j  run  from  dusk  to  dawn. 

There  appears  to  be  doubt  as  to  the  exact  meaning  of  this 
question,  some  answers  giving  the  allowable  drop  in  potential 
and  some  the  loss  in  energy.  EDITOR. 

The  loss  ought  not  to  be  more  than  three  volts  at  secondaries. 

A.  O.  FRETZ. 

The  allowable  loss  would  depend  somewhat  upon  local  con- 
ditions. If  feeder  regulators  are  used  the  circuits  can  usually 
be  arranged  for  as  high  as  10  per  cent  loss  and  still  get  good 
regulation  ;  or  if  the  station  is  located  at  a  considerable  distance 
from  its  centre  of  distribution  fairly  good  results  can  be  obtained 
without  the  regulators,  as  only  those  few  lights  close  to  the 
station  would  suffer  from  high  voltage.  The  loss  should  be 
about  as  follows  :  Six  per  cent  in  the  primaries,  two  to  two  and 
one-half  per  cent  in  the  transformers,  and  two  per  cent  in  the 
secondaries.  C.  C.  GILES. 

Ten  per  cent  would  be  the  maximum  into  which  good  ser- 
vice would  be  run. 

THE  EDISON   ELEC.  ILL'G  CO.  OF  BOSTON. 

In  an  electric-light  plant  of  3000  lights'  capacity,  single- 
phase,  60  cycles,  primary  at   1040  and  secondary  at   104  volts, 
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with  7.25  miles  of  pole  line  and  250  consumers,  good  practice 

would  show  the  following  distribution  of  losses  in  per  cent  of 

output : 

Per  Cent 

Transformer  core  losses 4.5 

Meter  shunt  losses 2.0 

Primary  resistance  losses 3.0 

Secondary       "  **      2.5 

Lost  and  unaccounted  for lo.o 

Efficiency  of  distribution 78.0 

These  percentages  are  based  on  the  assumption  that  the 
monthly  output  is  in  the  neighborhood  of  11,000  kilowatts,  and 
the  transformer  capacity  about  50  kilowatts.  Of  course  these 
losses  vary  somewhat  with  the  nature  of  the  load,  method  of 
secondary  distribution,  and  sizes  of  transformers  used. 

C.  W.  HUMPHREY. 

It  depends  on  the  system  of  distribution,  but  an  average  loss 
of  five  per  cent  would  be  likely.  W.  S.  BARSTOW. 

Under  the  conditions  stated,  and  assuming  that  the  load  is 
of  fairly  uniform  density  in  entire  area  covered,  a  loss  of  30  per 
cent  to  40  per  cent  would  usually  be  considered  allowable.  A 
further  reduction  in  losses  will  usually  mean  an  investment  in. 
secondaries  greater  than  the  savings  effected  will  warrant.  A. 
few  large  consumers,  located  near  each  other,  make  it  possible 
to  reduce  losses  considerably.  P.  JUNKERSFELD. 

Twenty-five  per  cent,  exclusive  of  low  reading  of  meters. 

P.  T.,  N.  Y.  ED.  CO. 

No.  112. —  What  is  the  best  method  of  locating  grounds  on  an 
Edison  three-wire  underground  network  system  ? 

Subdivide  the  system  into  sections,  keeping  each  section  on 
separate  feeder,  and  locate  ground  in  one  particular  section. 
Transfer  mains  from  this  section  to  the  rest  of  the  system  until 
ground  is  located  on  the  main  or  feeder.  After  having  located 
ground  on  main  or  feeder,  divide  the  line  in  the  middle,  and 
test  both  ways,  subdividing  until  the  fault  is  located.  Other 
methods,  such  as  telephone  bridges,  etc.,  have  not  proved  suc- 
cessful up  to  the  present  time.  W.  S.  BARSTOW. 
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In  practice,  we  find  that  the  best  method  of  locating^ 
grounds  on  Edison  three-wire  underground  network  is  to  burn 
off  the  ground  and  then  locate  the  point  where  the  main  is 
open.  The  place  where  the  burnout  occurs  can  be  located  by 
testing  at  the  services  along  the  line.  One  or  two  openings  in« 
the  street  will  usually  suffice  to  locate  the  trouble.  In  case^ 
ground  can  not  be  burned  off,  the  trouble  may  frequently  Jdc 
located  by  digging  where  other  work  has  recently  been  done  in 
the  street,  or  by  opening  main  at  point  where  service  connection 
is  made  for  important  customers,  and  testing  either  way.  The 
rapidity  of  restoring  service  to  customers  will  compensate  for 
any  extra  openings  that  may  have  to  be  made  to  locate  the 
ground.  Other  methods  have  been  tried,  but  with  only  partial 
success.  HOMER  E.  NIESZ. 

Edison  Tube  Feeders,  Trouble  is  first  located  by  the  effect 
it  has  on  feeder  ammeters  in  station,  and  as  many  feeders  pass 
through  junction  boxes,  to  enable  cutting  into  sections  by  removal 
of  fuses  or  links,  the  bad  section  can  be  located  in  this  way  and 
cut  out,  the  good  sections  being  kept  in  service.  When  grounded 
section  is  found,  the  "cut  and  try  method*'  will  usually  be 
employed. 

Edison  Tube  Mains.  Trouble  on  mains  is  first  indicated  by 
station  instruments,  complaints  from  customers,  or  when  junc- 
tion boxes  are  open  for  inspection;  mostly  in  the  two  last-named 
ways.  The  house  connections  on  the  grounded  or  open  main 
are  then  tested  and  the  trouble  is  located  as  nearly  as  possible 
in  this  way,  when  the  "cut  and  try  method  "  is  used. 

"  Loop-services  "  are  a  great  advantage  in  locating  main 
trouble,  and  also  secure  the  customer  against  a  lengthy  inter- 
ruption of  service  in  case  of  burnout  of  main. 

The  **  slide  wire  bridge  "  and  "  telephone  and  interrupter  *' 
systems  have  been  tried,  but  with  little  success  on  Edison  tube, 
owing  to  the  number  of  joints  and  low  insulation  resistance. 

Cable  Feeders  and  Mains.  On  cable  feeders  and  mains,  in 
addition  to  the  above-mentioned  methods,  grounds  are  success* 
fully  located  by  the  use  of  a  bank  of  lamps  controlled  by  a 
reversing  switch  connected  to  bad  conductor  and  ground,  and 
by  then  following  along  cables  in  manholes  with  a  compass, 
which  will  show  deflections,  according  to  direction  of  current,, 
until  ground  is  reached,  when  deflections  will  cease. 

H.  S.,  N.  Y.  ED.  CO. 
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No.  II J. —  What  would  be  the  best  and  cheapest  method  of  under- 
ground wiring  for  a  small  toum  ? 

The  cheapest  is  not  always  the  best.  Vitrified  conduits  arc 
the  best ;  creosoted  conduits  are  the  cheapest. 

W.  S.  BARSTOW. 

The  question  of  placing  wires  under  ground  depends  not  so 
much  on  the  size  of  the  town  as  on  the  density  of  the  load  to  be 
taken  care  of.  There  are  few  places  where  it  will  pay  to  take  a 
scattered  residence  load  on  underground  lines,  while  it  is  fre- 
quently possible  and  advisable  to  go  underground  in  a  concen- 
trated business  district.  The  system  to  be  employed  in  under- 
ground work  depends  largely  on  the  general  system  used  for 
lighting.  Generally  speaking,  a  cable  and  conduit  system  is  the 
most  satisfactory,  though  for  low-tension  work  over  compara- 
tively short  distances,  an  Edison  lube  line  will  be  satisfac- 
tory, and  cheaper  to  install  than  the  cable  and  conduit. 

W.  E.  CARLTON. 

This  would  depend  entirely  upon  the  nature  of  the  town, 
that  is,  whether  customers  were  spread  over  a  comparatively 
large  territory  or  rather  congested.  If  they  were  close  together 
and  did  not  spread  very  far,  a  low-tension  system  would  be 
•desirable,  and  the  cheapest  way  to  install  this  would  be  with 
the  Edison  tube  system  ;  if  the  territory  extended  over  a  large 
territory,  cable  and  conduit  system  would  be  very  much  cheaper, 
as  high-tension  distribution  could  be  used  with  this,  putting 
transformers  in  manholes  and  running  individual  customers 
from  the  regular  manholes  at  the  corners  without  the  introduc- 
tion of  a  large  number  of  manholes. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

In  laying  out  an  underground  system  for  any  town  there 
are  always  peculiar  local  conditions  to  be  considered. 

Conduits.  In  the  majority  of  cases  a  direct-current  supply 
in  a  conduit  or  drawing-in  system  built  of  tile  duct  for  both 
trunk  and  distributing  lines,  and  manholes  with  inexpensive 
fittings  at  street  intersections,  can  be  used.  The  handholes  on 
distributing  lines  can  be  constructed  when  house-service  con- 
nections are  made,  by  breaking  the  tile  ducts  and  building  the 
walls  of  brick  or  concrete,  which  can  be  brought  to  the  surface 
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by  simple  castings;  or  it  would  be  cheaper  to  cover  mason  work 
with  iron  plates  or  pieces  of  flagstone  and  paving  over  same, 
thereby  making  a  "  buried  box." 

Cables,  Paper-insulated  cable  with  lead  armor  is  considered 
cheapest  for  mains  and  feeders  in  towns  where  there  is  no  leak- 
age from  electric  railways  ;  however,  where  much  trouble  is 
experienced  from  this  source  rubber-insulated  cables  should  be 
used. 

Junction  Boxes.  It  is  advisable  to  locate  fused  junction 
boxes  at  all  points  where  feeders  connect  to  main  network,  to 
simplify  the  disconnection  of  feeders  from  the  system  in  case  of 
trouble,  for  testing  purposes. 

Service  Connections,  Rubber-insulated  cable  with  lead  armor 
in  iron  pipe  is  considered  good  construction  for  house-service 
conitections,  as  when  paper-insulated  cables  are  used  for  this 
class  of  work  the  house  ends  require  considerable  attention. 

H.  S.,  N.  Y.  ED.  CO. 

We  have  had  lines  carrying  looo  volts  (alternating)  primary 
for  four  years — one-eighth  inch  rubber,  no  lead,  laid  in  fibre 
conduit — which  has  given  no  trouble.  We  have  dirt  roads  and 
sand  subsoil.     Population,  2,000. 

SOUTHAMPTON  ELECTRIC  LIGHT  CO. 

If  by  underground  wiring  is  meant  underground  cables 
and  conduits,  probably  the  best  and  cheapest  method  for  a 
small  town  would  be  to  place  paper-insulated  cables  in  three- 
inch  earthenware  ducts  laid  carefully  in  cement,  with  manholes 
at  suitable  distances  apart ;  the  number  of  ducts,  size  of  man- 
holes, depth  below  surface,  etc.,  to  depend  on  local  conditions. 

WILLIAM  MAVER,  JR. 

No.  114, —  What  has  been  the  experience  in  operating  an  alter- 
nating-current system  of  from  1000  to  2000  volts  in  conduit  that  is 
more  or  less  filled  with  water  ? 

• 

.  We  have  had  several  places  where  our  conduits  were  more 
or  less  filled  with  water,  but  have  never  had  any  trouble  with 
the  cables.  We  use  the  best  quality,  lead-incased,  rubber- 
insulated.  WALTER  L.  MULLIGAN. 

No  difficultv  with  1000  volts.  F.  VAN  der  VOORT. 


The    more    water    the    better.      Lead     sheathing    on    cable 
should  be  ample  protection  against  water,  and  if  the  cables  are 
under  water  possible  burnouts  are  very  much  less  destructive. 
THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 


We  have  opened  some  of  our  conduit  and  found  it  filled 
with  water;  no  breakdown  or  appreciable  difference  in  service 
had  occurred. 

SOUTHAMPTON  ELECTRIC  LIGHT  CO. 


No.  11^. —  What  remtdy  should  be  applied  to  overeotne  the  hum- 
ming of  telephones,  caused  by  series-alternating  arc-Hghf  circuits  f 


The  common  way  to  overcome  this  difficulty  is  to  transpose 
the  telephone  wires  at  regular  intervals.  The  telephone  com- 
pany sometimes  asks  that  the  electric-light  circuit  be  run  in 
parallel  reiiirn.  If  this  does  not  overcome  the  difficulty.  I  think 
it  is  the  practice  of  the  telephone  company  to  put  its  wires  in  a 
cable.  F.  tLLWOOD  SMITH. 

We  have  found  it  a  very  difficult  matter  to  overcome  the 
humming  of  telephones,  even  after  spending  no  little  time  and 
money.  The  trouble  seems  to  be  caused  in  part  by  induction, 
but  principally  by  leakage.  The  following  will  help  decrease 
the  trouble  : 

Very  careful  and  thorough  insulation  of  h?th  electric-light 
and  telephone  circuits. 

Putting  the  electric-light  and  telephone  circuits  as  far  apart 
as  possible  on  the  poles. 

The  transposition  of  the  telephone  circuits. 

We  have  tried,  without  any  apparent  beneficial  results,  the 
transposition  of  the  electric-light  wires,  and  also  placing  them 
close  together.  We  believe  that  the  trouble  can  be  overcome  by 
placing  the  telephone  wires  in  aerial  lead-covered  cables  and 
grounding  the  sheathing. 

We  would  repeat  that  thorough  and  careful  insulation  and 
the  clearing  of  both  circuits  from  grounds,  are  very  important. 
We  would  refer  to  the  exhaustive  articles  in  the  Eleclricai 
Rei'iew,  March  28,  1903,  pages  441  to  447.  inclusive. 

ALEX.  J.CAMPBELL. 

Straight  metallic  telephone  circuits  are  not  materially 
alTected.     An  obvious  remedy,  therefore,  would  be  to  do  away 
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with  all  ground  return  and  selective  party  lines.  However,  the- 
noise  can  be  reduced  by  having  the  arc  lines  entirely  free  from, 
leakage  to  the  earth  and  by  keeping  the  two  wires  of  a  circuit 
on  the  same  pole  line  as  much  as  possible.  If  two  wires,  one 
each  of  two  different  circuits,  are  on  the  same  pole  line,  and  the 
circuits  are  run  from  the  same  machine,  have  the  wires  of 
different  polarity.  C.  C.  GILES. 

By  improving  the  general  insulation  of  both  telephone  and 
series  alternating  arc  installations  ;  by  separating  the  two  sys- 
tems as  far  as  possible  from  one  another ;  and  by  suitably 
transposing  the  wires  of  both  systems.  P.  G.  GOSSLER. 

No,  1 1 6. —  What  has  been  the  experience  in  making  service  con- 
nections with  underground  alternating-current  system ;  particularly 
with  regard  to  use  of  fuses  in  junction  boxes,  location  of  transformers 
in  manholes y  and  detail  methods  of  secondary  distribution  ? 

The  ordinary  feeder  and  main  system,  as  used  on  low-ten- 
sion work,  is  very  satisfactory  for  alternating-current  under- 
ground work,  the  transformers  being  the  feeders  to  the  second- 
aries. It  is  necessary  to  have  fairly  dry  manholes,  preferably 
with  sewer  connections,  for  transformers.  Transformers  should 
be  fused  on  primary  side,  and  if  a  number  are  working  in  the 
same  main  they  should  also  be  fused  on  the  secondary  side.  AH 
fuse  boxes  used  should  be  of  iron,  and  the  doors  should  be  pro- 
vided with  rubber  gaskets.  Cables  entering  boxes  should  be  so 
protected  that  water  can  not  get  into  the  boxes.  Mains  should 
be  separated  by  junction  boxes  at  suitable  intervals,  so  that  an  ' 
accident  to  one  portion  would  not  shut  down  the  whole  or  a 
large  part  of  the  network.  W.  G.  CARLTON. 

We  have  been  using  transformers  in  manholes  with  second- 
ary mains  running  out  from  them  for  a  number  of  years.  We 
have  used  fuses  in  junction  boxes  for  customers'  taps  only  to  a 
very  limited  extent  ;  we  have  not  found  them  particularly 
advantageous.  These  fuse  boxes  were  installed  only  in  man- 
holes from  which  a  number  of  customers  were  supplied,  and 
were  put  in  boxes  because  they  made  a  better  job  in  the  man- 
hole than  the  large  number  of  branch  connections  made  directly 
on  the  cable  would  have  made.  We  have  never  used  fuses  in 
the  secondary  mains,  as  we  have  not  found  any  need  for  them  ;. 
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•every  case  outside  of  the  building.    This  will  obviate  the  danger 
-of  lightning  or  other  high-voltage  current  entering  the  building. 

HOMER  E.  NIESZ. 

The  national  code  does  not  permit  of  grounding  secondaries 
inside  of  buildings.  PEORIA  GAS  AND  ELEC.  CO. 

Grounds  at  the  transformer  are  much  preferable  if  they  can 
be  obtained,  as  two  or  three  customers  are  supplied  from  one 
transformer.  Grounds  at  the  transformers,  however,  are  prac- 
tically impossible  to  get  in  certain  districts.  In  such  cases,  we 
•can  see  no  objection  to  grounding  the  wires  in  the  building 
supplied,  provided  the  ground  wire  is  located  between  the 
transformers  and  any  service  switch  or  fuse. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

I  believe  it  is  best,  as  a  general  rule,  to  ground  the  secondary 
near  or  at  the  transformer,  rather  than  in  the  building  supplied. 
If  the  ground  connection  were  made  inside  the  building, 
♦lightning  would  have  to  pass  through  more  or  less  of  the  build- 
ing on  its  way  to  earth.  If  the  earth  connection  is  of  high 
resistance,  or  becomes  accidentally  broken,  there  is  greater 
chance  of  fire  and  more  danger  of  customer  receiving  a  serious 
shock  than  if  the  ground  is  well  inside  the  building.  I  can  see 
no  reason  for  making  the  connection  inside,  other  than  that  it 
is  sometimes  easier  and  cheaper  to  make  an  effective  ground 
with  interior  piping  than  it  is  to  make  such  a  ground  outside. 
The  same  piping,  however,  is  usually  accessible  outside  the 
building,  and    no   great    labor   is    involved  in  making  suitable 

connection  with  it  under  ground. 

WALTER  S.  MOODY. 

A'(K  iH). —  What  is  the  weight  per  kilowatt  capacity  and  the  cost 
pef  kiloWiUt  iiipacity  of  the  Cooper-Hewitt  static  converter  f 

No.  iJo.-U'hat  is  the  best  transformer  fuse  box  for  2OOO'V0it 
alter natift):  current,  and  why  t 

We  havr  had  eight  years  experience  in  operating  2000-volt 
alternating  current,  and  have  always  had  trouble  with  the  trans- 
foruHM  fuse  boxes  until  January,  1900,  when  we  began  using  a 
translormer  and   branch-line  fuse  boxes  using  the  non-arcing 
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iuse,  which  were  absolutely  non-arcing,  but  gave  trouble  in  bad 
weather  until  I  devised  a  method  of  insulating  the  box  from  the 
-cross-arms,  as  shown  in  cut.     This  is  a  cheap  and  quick  method 


Method  of  MorNTiNc.  Primary  Fuse   Box   o\   Cross-Arm  for  2ooo-Volt 

ALTERNATrNG     CtRRKNT 

of  mounting  the  boxes  on  cross-arms  before  putting  same  on 
poles.  We  have  since  had  no  trouble  whatever  with  grounding 
or  arcing,  and  can  recommend  this  method  as  absolutely  reliable. 

GEO.  S.  CARSON. 

Single-pole  porcelain  boxes  of  the  line-insulator  type  are 
the  best,  because  there  is  no  danger  of  short-circuits,  and  the 
danger  to  employees  from  shock  is  reduced  to  a  minimum. 
They  are  also  cheaper.  C.  C.  GILES. 

The  writer  considers  the  porcelain  line-insulator  type  of 
fuse  box  as  being  the  best  on  the  market  at  the  present  time, 
both  as  regards  ease  of  installing  and  replacing  burned-out 
fuses  should  occasion  require. 

This  answer  would  also  apply  to  questions  Nos.  i6o  and  i6i. 

G.  B.  LELAND. 

No,  121. —  What  is  the  advantage  to  an  alternating-current  station 
in  carrying  a  secondary  voltage  much  in  excess  of  lOO,  unless  it  has  an 
ixtensive  system  of  secondary  mains  ? 

One  advantage  is  in  residence  lighting,  where  the  territory 
to  be  covered  is  comparatively  large  and  still  it  is  very  desirable 
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to  have  several  consumers  on  each  transformer.  Multiple  arc 
lamps  will  burn  more  steadily  on  from  no  to  120  volts  than  on 
100  volts.  C.  C.  GILES. 

The  advantages  in  using  voltages  in  excess  of  100  volts  for 
secondary  distribution  are  :  Better  regulation,  due  to  decrease 
in  copper  loss.  Larger  transformers  may  be  used  and  placed 
farther  apart  with  same  secondary  loss.  But  200-volt  lamps  are 
not  so  efficient  as  loo-volt  lamps,  therefore  I  think  that  the  most 
efficient  method  is  to  use  three-wire  secondary  distribution  with 
100  volts  on  a  side  and  using  loo-volt  services.  In  this  way  the 
advantages  of  200-volt  distribution  may  be  obtained  without 
impairing  the  lamp  efficiencies  in  any  way. 

C.  W.  HUMPHREY. 

We  can  see  no  advantage. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

There  is  no  marked  advantage  except  in  decreased  losses 
in  secondary  mains.  On  the  other  hand,  the  core  losses  and 
heating  of  transformers  are  considerably  increased. 

EDITOR. 

A  different  standard  voltage  for  different  companies  is  de- 
sirable for  obtaining  more  uniform  lamps  from  manufacturers. 

P.  T.,  N.  Y.  ED.  CO. 

As  a  rule,  the  saving  in  copper  due  to  using  voltages  from 
115  to  130  is  very  small  as  compared  with  that  necessary  for  100 
volts  under  the  conditions  supposed.  There  are  few  plants, 
however,  so  small  that  it  does  not  pay  to  have  a  system  of 
secondary  mains  where  the  demand  for  current  is  greatest. 
Most  station  managers  object  to  the  use  of  different  voltages  in 
different  parts  of  the  system.  Therefore  the  higher  voltage 
lamps  are  desirable  because  there  is  a  saving  in  copper  by  their 
use,  in  a  certain  part  of  the  installation  at  least. 

The  second,  and  perhaps  the  more  important  consideration, 
is  that  most  alternating-current  motors  are  designed  for  a  volt- 
age of  about  1 10  or  220.  The  use  of  a  lamp  voltage  at  least  as 
high  as  that  for  which  the  motor  is  wound  is  therefore  advisable, 
in  that  it  is  not  necessary  to  have  transformers  having  different 
ratios  of  transformations  for  motors  and  for  lighting. 

WALTER  S.  MOODY. 
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No.  122. —  IV hat  is  the  consensus  of  opinion  regarding  tying  in 
secondary  wires  from  different  makes  of  transformers  1  Have  central- 
station  managers  adopted  the  practice  generally^  and  with  what  results  f 

We  have  a  belt-line,  three-phase  distribution,  about  two 
miles  in  circumference,  on  which  there  are  27  transformers 
connected  into  the  same  set  of  secondaries.  These  transformers 
arc  separated  from  each  other  several  hundred  feet,  more  or 
less,  so  that  the  line  resistance  tends  to  distribute  the  load. 
They  are  all  of  one  make,  although  of  different  types,  sizes  and 
cycles,  corresponding  largely  to  different  makes.  We  have  had 
uniformly  good  success  and  advocate  the  idea  where  it  can  be 
used  to  advantage.  GEO.  B.  LAUDER. 

Care  must  be  taken  in  using  different  makes  of  trans- 
formers, or  even  different  sizes  of  the  same  make,  with  the 
secondaries  in  parallel,  to  make  sure  that  they  have  the  same 
percentage  of  drop  in  voltage  at  full  load  ;  otherwise,  the  one 
having  the  least  drop  will  take  more  than  its  share  of  the  load 
when  fully  loaded,  although  acting  well  when  the  load  is  light. 
This  difficulty  can  be  overcome  by  using  comparatively  small 
wires  to  connect  the  transformer  having  the  least  drop  to  the 
secondary  mains,  thus,  by  properly  proportioning,  making  the 
total  drop  for  the  two  transformers  the  same.       C.  C.  GILES. 

I  have  experienced  no  difficulty  in  uniting  transformers  of 
different  makes,  sizes  and  types.  I  prefer  cross-connected 
secondaries  in  a  single  unit ;  this  is  more  economical  and  less 
unsightly.  Practically,  there  is  no  objection,  that  I  can  see,  to 
using  different  makes  connected  in  any  manner  to  secure  desired 
results,  provided  both  are  fairly  well  mated  in  voltage  and 
regulation.  GUY  C.  GUM. 

Tying  in  secondaries  of  different  makes  of  transformers 
with  variable  load  can  be  done  successfully  only  when  trans- 
former loss  is  considered  as  part  of  feeder  loss  and  transformer 
pressure  regulated  accordingly.  W.  S.  BARSTOW. 

We  should  say  that  this  was  bad  practice,  as  different  makes 
of  transformers  have  different  characteristics,  and  on  apparatus 
of  different  drop  the  amount  of  work  put  on  to  the  different 
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transformers  might  differ  very  materially.     We  have  not  adopted 
this  practice. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

In  a  very  few  cases  the  regulation  of  transformers  of 
different  makes  would  be  near  enough  alike  to  allow  obtaining 
good  results,  but  generally  this  condition  would  not  exist  and  is 
not  good  policy.  We  do  not  believe  such  practice  has  been 
generally  adopted.  W.  T.  M.,  N.  Y.  ED.  CO. 

No.  12J. — How  far  from  a  central  station  would  it  be  practical 
to  extend  the  Edison  direct-current  system^  using  the  regular  lo7V 
voltage — no  or  220  volts — and  where  would  it  be  desirable  to  install 
the  alternating  system  ? 

One  and  one-quarter  miles'  radius ;  but  the  distance 
depends  upon  characteristics  and  extent  of  load. 

W.  S.  BARSTOW. 

We  operate  our  Edison  three-wire  system  for  our  inside 
lighting  and  power,  and  extend  out  about  one  and  a  half  miles 
from  our  station  with  good  results.  We  also  have  a  throw-over 
switch,  so  as  to  cut  out  a  large  transformer  during  the  daytime 
when  our  alternator  is  not  running,  and  use  our  direct  current 
on  the  secondaries  for  a  large  residence  district,  so  that  they 
can  have  the  use  of  the  current  during  the  daytime.  Outside 
of  the  direct-current  district  we  use  alternating  current  for 
lighting  purposes  ;  we  start  up  about  an  hour  before  sundown 
and  run  until  eight  o'clock  in  the  morning,  excepting  in  dark 
and  cloudy  weather,  when  we  run  all  day  if  necessary. 

LA  CROSSE  GAS  AND  ELEC.  CO. 

Where  the  centre  of  distribution  is  not  more  than  3000  to 
4000  feet  from  the  station  and  where  the  distance  from  the 
station  does  not  exceed  two  miles,  we  would,  by  all  means, 
recommend  the  three-wire  system,  no  and  220  volts,  or  220  and 
440  volts,  if  that  has  been  proved  to  be  satisfactory.  We  are 
operating  on  no  and  220  volts  and  giving  service  night  and 
day,  both  light  and  power,  and  find  it  far  more  satisfactory  than 
the  alternating  system,  which  we  displaced.  We  have  found  it 
necessary  to  make  heavy  investments  in  copper  for  feeders,  but 
this  investment  is  but  little  greater  than  the  cost  of  transformers 
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and  secondaries  would  have  been.  During  the  peak  of  the  loan 
we  have  quite  a  heavy  loss,  but  this  is  nothing  in  comparison 
with  what  the  transformer  loss  would  be.  We  are  furnishing 
current  for  light,  power  and  heating  from  one  pair  of  machines 
and  are  giving  our  patrons  very  satisfactory  service. 

F.  L.  WILLIAMSON  &  CO. 

This  is  entirely  a  question  of  local  conditions  ;  for  instance, 
overhead  or  underground  construction,  density  and  character  of 
lighting  and  power  load,  proximity  of  station  to  centre  of  load, 
etc.,  etc.  In  general,  the  alternating-current  system  will  be  pref- 
erable for  residence  and  lighting  territory  and  where  there  is 
very  little  probability  of  any  demand  for  variable-speed  motor 
work.  When  there  is  a  demand  for  the  latter,  and  in  business 
districts  having  isolated  plants,  the  direct-current  system  is  a 
commercial  and  technical  necessity.  Ordinarily,  it  is  not  eco- 
nomical to  transmit  direct  current  at  230  volts  more  than 
5000  to  6000  feet  from  station  or  substation,  except  as  a  tem- 
porary arrangement  until  territory  is  better  developed.  In  some 
of  the  very  largest  cities  it  is  sometimes  advisable  to  install 
substations  in  such  close  proximity  that  at  time  of  heavy  load 
the  distance  of  direct-current  transmission  from  each  is  3000 
feet,  or  even  less.  At  times  of  light  load  many  of  these  sub- 
stations are  shut  down,  the  direct-current  switching  arrange- 
ment being  such  that  this  can  be  done  and  a  good  pressure  dis- 
tribution be  still  maintained.  P.  JUNKERSFELD. 

This  would  have  to  be  figured  out  for  each  particular  case. 
It  would  depend  on  the  amount  of  load  to  be  taken  care  of  and 
also  on  whether  the  lines  were  overhead  or  underground  ;  also 
on  the  class  of  business  to  be  taken  care  of. 

W.  G.  CARLTON. 

« 

This  would  depend  a  great  deal  on  the  character  of  the 
service,  as  to  whether  there  were  large  motors  on  it  or  not.  We 
have  fixed  approximately  4000  feet  as  the  maximum  distance  to 
which  it  will  be  desirable  to  extend  any  Edison  direct-current 
feeders. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

{a)  In  practice,  not  considerably  over  one  mile  in  lightly- 
loaded  districts. 
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(^)  Where  the  yearly  charges  for  direct -current  distribution^ 
including  investment  charges  and  operating  cost  for  line,  station 
machinery  and  line  losses,  materially  exceed  similar  cost  for  the 
alternating-current  system,  the  latter  would  be  preferable  on  an 
equality  of  service  requirements.  P.  T.,  N.  Y.  ED.  CO. 

No,  124. —  Which  would  be  more  economical ;  to  distribute  on  the 
alternating-current  system^  or  to  install  a  substation  with  rotary 
transformers  ? 

This  depends  upon  local  conditions,  load,  etc. 

W.  S.  BARSTOW. 

This  depends  upon  the  system  already  in  use.  If  a  60-cycle 
or  higher  frequency  is  used,  there  is  no  object  in  installing  a 
rotary  substation  unless  there  is  some  special  demand  for  direct 
current.  The  rotary  substation  with  direct-current  distribution 
would  be  much  more  expensive  in  most  cases  than  a  straight 
alternating  distribution.  W.  G.  CARLTON. 

This  would  depend  entirely  on  the  amount  of  business  you 
have.  It  would  require  a  considerable  amount  of  business  to 
justify  the  installation  of  a  substation.  Of  course,  an  important 
consideration,  aside  from  the  economic  one,  is  that  for  certain 
purposes  direct  current  would  be  very  much  superior. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  alternating  current  system  of  distribution  is  usually 
more  economical  from  the  standpoint  of  first  cost  and  operating 
costs,  but  it  has  limitations  in  its  applicability,  depending  upon 
the  character  of  the  service  to  be  supplied. 

P.  T.,  N.  Y.  ED.  CO. 

No,  12^. —  Would  there  be  any  difference  in  the  liability  insur^ 
ance  rates  as  between  the  high  and laiv- tension  systems? 

Liability  insurance  rates  are  usually  higher  on  high-tension 
systems.  W.  S.  BARSTOW. 

Liability  insurance  companies  charge  higher  rates  for  a 
high-tension  than  for  the  low-tension  systems. 

HOMER  E.  NIESZ. 
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The  standard  rates  for  liability  insurance  are  the  same  for 
high  and  low-tension  systems  (over  or  under  550  volts)  where 
the  lines  are  entirely  in  subways  ;  the  rates  being  $1.80  for  em- 
ployees and  $1.00  for  the  public — a  total  of  $2.80.  Where  the 
lines  are  overhead  the  employees'  rate  is  $1.80  for  low-tension 
and  $3.00  for  high-tension  ;  the  rate  for  the  public  being  the 
same  in  both  cases,  namely,  $5.75. 

H.  M.  E.,  N.  Y.  ED.  CO. 

No.  J 26. — H<nv  often  should  meters  be  tested  ] 

Not  less  than  once  per  year,  and  then  before  the  fall  load. 

A.  O.  FRETZ. 

We  believe  meters  should  be  tested  once  every  six  months, 
and  carefully  cleaned  and  repaired. 

WALTER  L.  MULLIGAN. 

Once  in  12  months.  F.  ELLWOOD  SMITH. 

The  time  varies.  A  new  meter  should  be  tested  for  light- 
load  accuracy  at  least  every  six  months  until  it  is  about  two 
years  old,  after  which  it  can  be  trusted  for  longer  periods  unless 
the  service  is  hard.  This  applies  to  induction  meters ;  the 
Thomson  commutator  type  should  be  tested  every  six  months. 

C.  C.  GILES. 

Meters  should  be  tested  once  a  year.  However,  if  we  make 
a  proper  analysis  of  our  lost  and  unaccounted-for  current  each 
month,  the  comparative  percentages  of  unaccounted-for  current 
each  month  should  guide  us  in  this  question. 

H.  H.  SCOTT. 

Every  three  months.  W.  S.  BARSTOW. 

We  try  to  test  our  meters  about  once  a  year. 

LA  CROSSE  GAS  AND  ELEC.  CO. 

Every  six  months.     Inspect  once  in  three  months. 

F.  VAN  der  VOORT. 

The  type  of  meter  and  character  of  service  will  determine 
to  some  extent  the  length  of  time  a  meter  may  be  left  to  operate 
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without  testing.  Brush-type  meters  without  adjustable  shunts 
could  profitably  be  tested  every  six  months.  A  first-class  induc- 
tion meter  should  be  tested  about  once  a  year.  Meters  operat- 
ing under  severe  conditions  of  vibration,  dirt,  moisture,  etc., 
should  be  tested  oftener.  If  the  meter  readers  are  somewhat 
familiar  with  the  operation  of  the  meters,  their  monthly  inspec- 
tion may  reduce  the  necessity  of  frequent  tests. 

P.  A.  BERTRAND. 

As  a  general  rule,  meters  should  be  tested  annually,  but 
under  special  conditions  it  is  advisable  to  test  them  every  six 
months,  or  even  oftener,  as  : 

When  the  meter  is  installed  under  very  unfavorable  physical 
conditions,  due  to  dust  or  vibration. 

When  the  meter  runs  for  long  hours  under  full  load,  causing 
more  than  ordinary  wear,  or 

When  special  precautions  in  regard  to  accuracy  are  desir- 
able, owing  to  the  large  consumption  measured. 

O.  J.  BUSHNELL. 

We  are  following  what  we  call  our  **  discriminate  method 
of  testing,"  that  is,  basing  the  time  between  tests  largely  upon 
the  work  the  meter  is  called  upon  to  do,  as  shown  by  dial  read- 
ings, or,  in  other  words,  the  revolutions  of  the  shaft  upon  its 
jewel,  figuring  that  no  meter  should  be  allowed  to  make  more 
than  1,000,000  revolutions  without  receiving  attention.  This 
means  that  some  meters  are  tested  every  month,  whereas  others 
may  go  as  long  as  nine  or  ten  months. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

There  are  so  many  influencing  conditions,  that  an  inflexible 
rule  can  not  be  set.  The  type  of  meter  has  much  to  do  with  the 
interval  between  tests  ;  direct-current  meters  of  the  motor  type 
will  be  found  to  need  more  frequent  tests  and  calibration  than 
alternating-current  induction  meters.  Capacity,  use  as  indi- 
cated by  the  number  of  revolutions,  vibration,  and  dirt,  are  also 
to  be  taken  into  consideration.  Large  companies  arc  now  test- 
ing ^^//^n/Z/y  on  the  yearly  basis,  with  subdivisions  according  to 
the  above  at  intervals  of  one  month  and  upwards. 

A.  H.  A.,  N.  Y.  ED.  CO. 

We  have  found  that  local  conditions  and  the  style  of  meter 
determine  how  often  a  meter  should  be  tested.     With  a  meter 
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having  light  moving  parts  and  in  a  residence  district  where 
there  is  practically  no  vibration,  we  assume  that  once  in  two 
years  would  be  all  that  is  necessary.  In  a  business  district  or 
in  a  place  where  there  is  considerable  vibration  and  the  meter 
has  very  heavy  moving  parts,  we  should  judge  that  it  should  be 
tested  once  in  three  months  if  accurate  results  are  to  be 
obtained.  We  do  not  believe  that  a  fixed  rule  can  be  followed 
for  all  meters  or  conditions. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 

No.  I2J. — Should  meters  be  tested  in  place ^  or  should  they  be 
returned  to  the  station  for  the  purpose  ? 

They  should  be  returned  to  the  station  if  possible,  but  can 
be  tested  very  accurately  in  place  by  using  portable  indicating 
wattmeter  and  stop-watch.  A.  O.  FRETZ. 

Meters  should  be  tested  in  place. 

F.  ELLWOOD  SMITH. 

We  find  it  more  satisfactory  to  test  the  meters  wherever 
they  may  be  installed.  That  prevents  some  of  the  liability  of 
their  being  damaged  while  being  carried  to  and  fro. 

WALTER  L.  MULLIGAN. 

Our  plant  is  not  a  large  one,  but  we  have  found  it  more 
satisfactory  to  test  our  meters  at  our  station  rather  than  in 
place.  GEO.  B.  LAUDER. 

Meters  should  be  tested  in  place. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

I  believe  it  is  good  practice  to  partially  test  meters  on  the 
premises,  and  if  the  test  should  show  that  they  are  commercially 
out  of  calibration  they  should  be  taken  to  the  station  and  thor- 
oughly calibrated.  We  should  not  spend  much  time  in  testing 
or  calibrating  meters  when  installed,  for  this  would  cause 
distrust  on  the  part  of  the  consumer.  If  properly  installed,  I 
find  them  to  be  very  reliable.  (UNSIGNED.) 

Meters  should  be  returned  to  the  station  for  testing.    Condi- 
tions there  are  practically  the  same  as  where  meters  are  installed 
and  facilities  for  accurate  testing  are  much  better. 

CHAS.  H.  PETERS. 
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It  is  usually  better  to  test  a  meter  in  place,  as  a  customer 
seems  to  have  more  confidence  in  a  test  made  before  his  eyes 
than  in  one  made  elsewhere,  even  though  he  knows  nothing 
about  meters.     It  also  takes  less  time.  C.  C.  GILES. 

We  prefer  to  test  meters  where  they  are  installed,  as  the 
conditions  might  be  different  in  the  station,  or  anywhere  else. 
If  found  defective  at  the  customer's  place  the  meter  should  be 
carried  to  the  station  and  results  compared.  We  use  meters 
that  are  sealed  and  send  to  the  factory  all  such  as  do  not  come 
up  to  the  requirements.  S.  S.  INGMAN. 

We  believe  that  where  possible  meters  should  be  tested  in 
place,  particularly  when  they  are  tested  on  complaint  of  a  cus- 
tomer, and  they  should  be  returned  to  the  station  only  when 
repairs  are  necessary.  We  make  every  effort  to  have  customers 
present  when  testing  their  meters,  as  we  find  they  are  much 
better  satisfied.  WM.  J.  TROTT. 

If  we  have  any  complaint,  we  test  on  the  premises.  In  our 
annual  test,  part  of  the  meters  are  tested  in  meter-room  and 
part  of  them  where  they  are  installed. 

LA  CROSSE  GAS  AND  ELEC.  CO. 

The  only  meter  test  excusable  on  a  consumer's  premises  is 
one  for  complaint  on  high  bill,  and  in  the  majority  of  cases  this 
does  not  satisfy  the  consumer,  for  he  does  not  understand  the 
method  of  test,  is  prejudiced  against  wanting  to  know,  and 
insists  on  changing  the  meter,  no  matter  what  the  result  of  the 
test  may  be.  H.  H.  SCOTT. 

Meters  should  be  tested  in  place.  W.  S.  BARSTOW. 

I  am  strongly  in  favor  of  testing  meters  in  place  instead  of 
returning  them  to  the  station.  By  using  a  lamp  bank  properly 
wired  up — which  may  easily  be  made  portable — a  range  of  load 
in  one-watt  steps  can  be  obtained  from  one  watt  to  3000.  This 
will  cover  a  very  large  portion  of  the  meters  that  are  generally 
used,  especially  as  the  test  on  one-third  to  half  load  is  as  reli- 
able as  the  test  on  full  load  for  full-load  accuracy  of  meters. 
The  instruments  that  are  used  on  tests  can  be  kept  as  nearly 
correct   for  outside  testing  as  for  testing  in  the  station.     The 
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test  of  meters  in  place  is  particularly  valuable,  as  it  ascertains 
the  exact  conditions  and  the  degree  of  accuracy  under  which 
the  meter  is  operated,  and  also  gives  the  inspector  an  oppor- 
tunity of  discovering  any  irregularity  in  the  service  that  might 
affect  the  registration  of  the  meter.  In  other  words,  the  oieter 
tested  in  place  is  inspected  for  irregularities  under  the  conditions 
under  which  it  is  operating,  and  is  adjusted  to  register  correctly 
under  those  conditions.  The  cost  of  testing  meters  in  place  is 
considerably  less  than  testing  them  at  the  station,  and  does  not 
require  an  extra  stock  of  meters  with  which  to  make  the  changes. 

P.  A.  BERTRAND. 

In  place,  and  under  its  particular  operating  conditions. 

F.  VAN  der  VOORT. 

The  more  common  practice  is  to  test  meters  in  place,  which 
permits  adjustment  for  electrical  and  physical  conditions  under 
which  they  are  installed  and  destroys  the  possibility  of  their 
adjustment  being  changed  in  transportation  and  handling. 

O.  J.  BUSHNELL. 

Formerly  it  was  the  practice  to  return  meters  to  the  labora- 
tory for  the  test,  replacing  same  from  the  tested  general  stock. 
At  present  the  large  companies  test  the  active  meters  in  cus- 
tomers' premises,  which  results  in  confidence  on  the  part  of  the 
customer  in  his  metering  device.  By  testing  meters  on  cus- 
tomers' premises,  accidental  local  conditions  such  as  vibration, 
condition  of  use,  etc.,  can  be  allowed  for.  The  method  is  sub- 
ject to  criticism  on  account  of  error  in  wattage  fluctuation,  errors 
of  instruments,  personal  errors,  and  a  resultant  accuracy  less 
absolute.  These  variations,  however,  are  usually  within  the 
limits  assigned  to  generally  accepted  **  commercial  accuracy," 
and  the  system  is  therefore  preferable. 

A.  H.  A.,  N.  Y.  ED.  CO. 

Unless  a  test  is  intended  as  a  demonstration  to  the  con- 
sumer with  his  own  particular  conditions,  we  replace  the  meter 
with  one  from  the  laboratory  with  known  condition,  and  return 
the  older  meter  to  the  laboratory  for  testing  and  recalibrating. 
We  adhere  to  this  method  for  the  reason  that  meters  can  be 
much  more  readily  and  accurately  tested  in  the  laboratory,  the 
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consumer  has  much  less  chance  for  suspecting;  something  wrong, 
and  the  consumer  is  without  a  meter  a  very  short  time. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC  CO. 

No.  128. —  What  degree  of  accuracy  in  a  meter  under  test  at  Jive 
per  cent  of  its  rated  load  should  be  allowed  to  pass  without  further 
adjustment  ? 

On  such  light  load  it  is  hardly  practicable  to  adjust  a  meter 
closer  than  within  five  or  six  per  cent.  If  the  meter  is  adjusted 
as  closely  as  this,  care  must  be  taken  to  see  that  it  does  not 
creep  without  load.  C.  C.  GILES. 

Meters  should  be  adjusted  for  the  same  accuracy  on  fiwc,- 
per-cent  rated  capacity  as  for  any  other  per-cent  capacity  be- 
tween the  above  and  50-per-cent  overload.  In  other  words,  the 
meters  should  be  correct  within  two  or  three  per  cent  from  five 
per  cent  of  rated  capacity  to  150-per-cent  rated  capacity.  We 
should  discontinue  the  use  of  a  meter  that  can  not  comply  with 
this  test,  or  install  it  in  a  place  where  it  will  not  be  likely  to  be 
subjected  to  loads  at  which  we  know  in  advance  that  it  will  be 
inaccurate.  H.  H.  SCOTT. 

We  allow  all  meters  to  pass  that  test  within  two  per  cent 
when  tested  at  five  per  cent  of  rated  load,  without  changing  the 
adjustment  of  the  meter. 

LA  CROSSE  GAS  AND  ELEC.  CO. 

Two  and  one-half  per  cent.  W.  S.  BARSTOW. 

A  meter  should  be  required  to  be  within  three  per  cent  on 
range  of  load  from  five  per  of  its  capacity  to  50-per-cent  over- 
load, and  if  necessary  to  adjust  should  be  adjusted  within  two 
per  cent  within  these  ranges.  P.  A.  BERTRAND. 

Two  per  cent  fast  or  slow.  F.  VAN  der  VOORT. 

Meters  of  recent  manufacture  should  be  adjusted  so  that  the 
error  at  five  per  cent  of  their  rated  capacity  is  less  than  five  per 
cent.  O.  J.  BUSHNELL 

Any  error  in  excess  of  two  per  cent  fast  or  five  per  cent 
slow  we  should  consider  required  further  adjustment.     Whether 
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or  not  better  results  than  this  could  be  obtained  would  depend 
somewhat  on  the  type  of  meter. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  degree  of  accuracy  at  any  load  is  subject  to  the  laws  of 
the  state  or  other  recognized  authority  as  well  as  physical  con- 
ditions. The  tendency  of  most  meters  at  this  point  is  to  run 
slow,  especially  if  the  meter  has  been  in  service  any  length  of 
time,  and,  owing  to  this  fact,  the  question  resolves  itself  into  a 
consideration  of  how  much  a  company  is  willing  to  sacrifice. 
In  the  large  industrial  cities,  there  are  conditions  of  vibration  to 
contend  with  that  make  it  impossible  to  obtain  any  accurate  re- 
sults at  the  five-per-cent  load.  The  friction  at  this  light  load  is 
of  such  a  percentage  as  compared  with  the  low  torque  that 
variations  of  five  per  cent  and  more  at  this  load  are  not  infre- 
quent. It  is  generally  conceded  that  under  such  conditions  it  is 
preferable  to  test  at  the  lo-per-cent  load,  and  an  accuracy  of 
two  per  cent  plus  or  minus  should  be  required  at  this  point  as 
well  as  on  full  load.  A.  H.  A.,  N.  Y.  ED.  CO. 

No.  I2(^. —  What  efforts^  if  an\\  have  been  made  to  introduce 
any  form  of  prepayment  meter  1 

We  have  used  prepayment  meters  with  good  success,  and 
find  them  a  great  advantage  where  it  is  hard  to  collect  with 
others.  WALTER  L.  MULLIGAN. 

Several  efforts  have  been  made,  but  expense  of  meter  has 
limited  progress.  W.  S.  BARSTOW. 

The  Chicago  companies  have  in  use  about  150  prepayment 
meters.  These  are  arranged  for  use  with  lo-cent  pieces,  and  the 
current  is  sold  on  the  basis  of  20  cents  per  k\v-hour.  They  are 
looked  upon  more  as  a  pioneering  device  than  as  a  basis  for  a 
permanent  arrangement,  and  also  as  a  way  of  getting  business 
with  people  whose  credit  is  bad  and  who  will  not  put  up  a 
deposit.  JOHN   F.  GILCHRIST. 

We  know  of  no  effort  being  made  in  this  neighborhood  to 
introduce  any  form  of  prepayment  meter. 

THE  EDISON  ELEC.  ILL'C;  C(;.  OF  BOSTON. 


128 

Prepayment  meters  are  made  by  at  least  two  large  manu- 
facturing companies,  representing  types  of  direct-current  and 
alternating-current  meters,  respectively.  The  device  is  subject 
to  the  criticisms  of  the  regular  type  meter,  and,  additionally,  to 
the  inherent  faults  of  the  slot  machine.  Most  consumers  of 
electricity  in  the  East  prefer  monthly  bills,  rather  than  the 
annoyance  of  attention  to  the  device  by  both  himself  and  the 
company's  meter  men.  A.  H.  A.,  N.  Y.  ED.  CO. 

No,  I  JO, — Is  it  good  practice  for  central  stations  to  furnish 
wattmeters  free  in  small  towns  1 

It  is  good  practice.  F.  ELLWOOD  SMITH. 

Local  conditions  should  govern  this  matter.  We  are  in 
heavy  competition  with  the  enemy — the  gas  company — and 
we  give  our  meters  free,  as  a  matter  of  policy.  On  general 
principles,  I  believe  it  tends  to  the  popularity  of  the  company 
to  give  as  much  free  as  possible.  If  a  deposit  for  a  meter  can 
be  obtained  without  kicking,  all  right,  but  I  am  a  firm  believer 
in  the  meter  basis  of  charging,  and  advocate  free  meters  if  there 
is  no  other  way.  GEO.  B.  LAUDER. 

We  furnish  wattmeters  to  our  customers  free  of  charge,  but 
make  a  minimum  charge  for  the  service,  so  that  about  five 
months  of  the  year  our  customers  are  paying  for  more  than  the 
actual  current  charge.  In  this  way  we  get  a  certain  amount  of 
rent  for  our  meters.  We  find  this  better  than  making  a  rent 
charge  in  addition  to  the  current  charge.  S.  S.  INGMAN. 

In  this  town  of  5000  people,  we  furnish  wattmeters,  but 
charge  a  minimum  rate  of  $1.00,  and  we  think  it  pays,  as  many 
consumers  would  not  pay  for  the  meter,  nor  could  they  afiford 
to  pay  a  flat  rate  for  all  lights.  C.  P.  WELLES. 

Yes  ;  but  there  should  be  a  small  minimum  rate,  say  from 
$i.oo  to  $1.50,  where  less  than  this  amount  of  current  is  used  in 
one  month.  CHAS.  H.  PETERS. 

In  small  towns,  where  meter  rates  are  charged,  I  think  it  is 
always  advisable  to  furnish  wattmeters  free  of  charge  to  all 
consumers.       In    this   way   only  can    the   station    manager  be 
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assured  of  first-class  instruments  on  his  lines,  with  the  right 
to  keep  them  in  repair  and  in  good  condition  at  all  times. 
Furnishing  free  meters  is  also  conducive  to  increasing  business. 

C.  W.  HUMPHREY. 

I  would  certainly  not  establish  such  a  precedent.  Small 
plants  bear  enough  of  the  "  white  man's  burden  "  without  this 
feature.  This  applies  to  straight  sliding-scale  system.  The 
Doherty  rate  would  take  care  of  meter  rents. 

GUY  C.  GUM. 

Until  the  various  types  of  wattmeters  are  sufficiently  stand- 
ardized so  that  the  improvements  will  not  require  changes  in 
installation  every  few  years,  as  has  been  the  case  in  the  past,  I 
would  not  advise  any  central  station,  large  or  small,  to  charge 
for  electric  meters.  I  believe  that  meters  can  be  furnished  by 
the  central  station  and  the  cost  of  maintenance  covered  by  a 
rental  per  month,  or  by  additional  price  for  current  much  more 
cheaply,  and  in  a  manner  more  satisfactory  to  the  consumer, 
than  would  be  the  case  if  the  meters  were  sold  to  the  consumers. 

P.  A.  BERTRAND. 

Yes  ;  the  station  should  own  the  meter. 

F.  VAN  der  VOORT. 

It  is  much  more  frequently  to  the  advantage  of  the  station 
than  to  the  advantage  of  the  customer  that  the  customer  should 
have  a  wattmeter,  and  it  therefore  seems  a  legitimate  expense 
for  the  company  to  stand.  JOHN  F.  GILCHRIST. 

When  we  first  started  furnishing  current  by  meter,  we 
undertook  to  compel  our  patrons  either  to  buy  their  meters  or 
to  pay  a  meter  rental  of  $1.50  per  annum.  We  collected  the 
meter  rent  one  year,  but  have  not  tried  to  do  so  since,  as  there 
was  so  much  kicking  about  paying  it  that  we  thought  it  would 
be  better  to  furnish  the  meters  free,  and  have  since  done  so. 

F.  L.  WILLIAMSON  &  CO. 

It  is  good  practice  in  central  stations  to  furnish  wattmeters 
free  in  small  towns.  E.  H.  MATHER. 
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It  is  the  generally  approved  custom  in  this  country,  and 
good  practice  indorses  the  furnishing  of  meters  by  the  elec- 
tricity-supplying company  without  charge,  or  as  covered  in  the 
minimum  monthly  charge,  in  introduction  of  service  and  avail- 
ability of  electricity  supply.  A.  H.  A.,  N.  Y.  ED.  CO. 

No.  iji. —  What  proportion  of  plants  in  the  different  states  has 
adopted  the  inclosed-arc  lamp  for  street  service  ? 

About  two-thirds.  W.  S.  BARSTOW. 

The  available  statistics  in  connection  with  this  point  are 
very  incomplete.  The  General  Electric  Company  reports 
(February  25,  1902)  that  out  of  15 19  cities  in  49  states  and 
territories  of  the  United  States,  399 — or  over  25  per  cent— have 
adopted  the  series  inclosed-arc  lamp  for  street  lighting.  From 
statistics  obtained  by  me  in  March,  1903,  from  30  cities  in  16 
states,  it  is  interesting  to  note  that  whereas  only  a  few  years 
ago  most  of  these  cities  were  lighted  by  open-arc  lamps,  at  the 
present  time  series  direct-current  inclosed-arc  lamps  are  used 
for  street  service  in  five  of  them,  series  alternating  inclosed  in 
three,  and  multiple  direct-current  inclosed  in  three. 

During  the  past  year  the  inclosed  arc  has  made  great 
inroads  on  the  open  for  street  illumination,  and,  so  far  as  I  am 
aware,  the  only  extension  of  open-arc-lamp  installation  for 
street  service  has  been  in  the  form  of  additions  to  some  of 
the  existing  high-tension  open-arc  circuits.  The  new  plants 
installed  have  invariably  adopted  the  inclosed  arc. 

LOUIS  B.  MARKS. 

It  is  my  opinion  that  from  28  to  30  per  cent  of  the  plants  in 
the  different  states  have  adopted  the  inclosed-arc  lamp  for  street 
service.  In  this  connection,  you  may  be  interested  to  know 
that  when  considering  the  cities  in  the  different  states  having  a 
population  of  25,000  or  more,  there  are  60  per  cent  of  the  plants 
that  have  adopted  inclosed-arc  lamps  for  street  lighting. 

H.  W.  HILLMAN. 

From  60  to  70  per  cent  of  the  street  lamps  are  inclosed  arcs. 
THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 


No.  JJ2. — Is  it  the  best  practice  to  omit  outer  globes  of  inclosed-arc 
lamps  for  street  lightings  provided  the  inner  globe  is  protected  from  the 
weather  by  a  metallic  shade ^  the  same  as  usual  when  outer  globe  is 
used  / 

No  ;  for  the  outer  globe  will  prevent  insects  from  getting 
in  ;  will  also  give  a  better  vacuum  in  inner  globe,  and  will  keep 
the  temperature  of  inner  globe  more  uniform  ;  all  of  which  will 
help  to  lessen  the  breakage  of  globes.  A.  O.  FRETZ. 

We  have  thirty-seven  5.5-ampere,  74-volt,  series  alternating, 
60-cycle  inclosed-arc  lamps,  with  inner  globe,  but  no  outer. 
Lamps  are  operated  until  12  o'clock,  moonlight  schedule  and 
dark  nights.  The  breakage  for  18  months  preceding  February 
13,  1903,  was  four  clear  inner  globes  per  lamp  per  year.  These 
lamps  have  the  usual  metal  shade,  but  no  outer  globe. 

Four  clear  inner  globes  at  15  cents,  delivered $.60 

Saving  one  outer  globe  per  lamp  per  year  at  50  cents. .  .50 

Equivalent  net  cost  of  inner  globes  per  lamp  per  year 
if  outer  globes  had  been  used,  or  an  average  of 
two-thirds  of  one  inner  globe  per  lamp  per  year. .  $.10 

Our  experience,  and,  so  far  as  our  knowledge  goes,  the 
experience  of  others,  is  that  one  outer  globe  for  each  inclosed-arc 
lamp  per  year  is  about  the  average  life  of  these  outer  globes  ; 
we  believe  that  very  few  plants,  large  or  small,  can  show  so 
low  an  average  breakage  as  two-thirds  of  one  inner  globe  per 
lamp  per  year. 

The  saving  in  labor  is  not  reckoned  in  the  above.  A  trimmer 
can  easily  handle  10  per  cent  more  lamps  where  outer  globes 
are  omitted.  There  is  also  a  gain  of  10  per  cent  more  light  on 
the  streets  where  outer  globes  are  not  used.  In  view  of  these 
facts,  we  unhesitatingly  say  that  it  does  pay  to  leave  off  outer 
globes  under  these  conditions.  H.  A.  SPRAGUE. 

We  have  used  street  lamps  without  any  outer  globe  and 
have  got  along  all  right  so  far  as  breakage  is  concerned.  It 
seems  universal  to  use  outer  globes,  however,  and  on  that 
account  it  is  probably  better  practice  to  do  so. 

GEO.   B.  LAUDER. 


It  is  not  good  practice  to  omit  outer  globes.  No  hood  or 
metal  shade  can  be  applied  that  will  keep  the  elements  from 
contact  with  the  inner  globe  unless  said  shade  is  several  feet  in 
diameter  or  extends  below  lower  carbon  holder.  Cold  air  in 
contact  with  the  inner  globe  transforms  it  into  a  condenser,  or 
still,  and  greatly  assists  in  the  precipitation  of  both  gases  and 
grayish  white  deposit.  GUY  C.  GUM. 

The  best  practice  is  to  use  outer  globe  as  well  as  inner 
globe  for  street  arc  lighting  with  inclosed-arc  lamps. 

W.  S.  BARSTOW. 

We  do  not  think  it  is  a  good  practice  to  omit  outer  globes. 
We  know  of  no  metallic  shade  that  will  protect  the  inner  globe 
in  wet  weather. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  outer  globe  in  general  use  for  street  lighting  is  of  clear 
glass  and  absorbs  about  lo  per  cent  of  the  total  candle-power. 
Without  the  globe  the  loss  in  diffusion  would  greatly  offset  the 
gain  in  candle-power  ;  again,  that  would  be  confined  to  a  com- 
paratively small  area  beneath  the  arc  lamp. 

S.  G.  R.,  N.  Y.  ED.  CO. 

JVo.  ijj. — /s  there  any  known  remedy  for  the  humming  of  multi- 
ple alternating-current  arc  lamps  ? 

Use  spring  suspension  with  rubber  buffers,  to  prevent  hum- 
ming of  multiple  alternating-current  arc  lamps  becoming  notice- 
able, if  used  on  frequencies  of  over  60  cycles. 

W.  S.  BARSTOW. 

Support  lamp  by  means  of  a  lead  ring  or  loop. 

EDITOR. 

A  properly-made  and  fitted  gas  cap  is  the  best  anti-hummer 
extant.  Nine-tenths  of  the  humming  in  an  alternating-current 
lamp  is  produced  at  the  arc  through  improper  inclosure.  A 
slight  tipping  of  the  globe  will  show  this.  Loose,  laminated 
construction  is  also  prone  to  set  up  a  howl,  and  can  be  some- 
what eliminated  by  wedging.  Patents  control  the  gas-cap 
question.  GUY  C.  GUM. 
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The  humming  of  alternating-current  arc  lamps  is  inherent  in 
the  arc,  but  in  a  well-built  lamp  operated  under  favorable  con- 
ditions it  may  be  reduced  to  such  an  extent  as  to  be  unobjection- 
able in  most  cases  of  commercial  service.  The  hum  of  the  arc 
itself  is  often  much  less  than  the  noise  due  to  the  vibrations  of 
the  lamp  mechanism.  The  latter  evil  may  be  largely  overcome 
by  proper  design  and  construction  of  the  regulator.  The  lamps 
should  always  be  hung  from  elastic  supports.  The  noise  of  the 
arc  may  be  diminished  by  suitably  inclosing  the  arc,  and  quite 
overcome  if  the  lamp  be  operated  at  fairly  high  frequency. 
Under  commercial  conditions  on  existing  circuits,  however,  the 
humming  of  even  the  best  alternating-current  lamps  is  more  or 
less  audible,  and  no  means  have  yet  been  devised  of  entirely 
overcoming  the  noise.  LOUIS  B.  MARKS. 

We  do  not  quite  understand  the  question  as  asked.  It  is, 
of  cpurse,  impossible  to  eliminate  the  humming  entirely.  It 
may  be  somewhat  reduced  by  putting  a  rubber  cushion,  or  some 
such  device,  on  the  hook  on  which  the  lamp  is  hung  and  by 
keeping  the  various  parts  of  the  lamp  tight  and  free  from 
vibration.  Of  course  the  humming  and  the  arcing  would  not 
be  affected  by  any  of  these  devices. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

None  in  commercial  use.  Inner  globes  and  outer  globes 
closely  fitting  into  or  against  spring  holders  under  tension  serve 
to  confine  humming.  Securely  fastening  by  soldering  or  weld- 
ing the  screws  and  rigid  sections  of  the  lamp  mechanism,  also 
serves  to  decrease  noise  from  vibration. 

S.  G.  R.,  N.  Y.  ED.  CO. 

I  would  suggest  inclosing  the  arc  and  tightening  or  cushion- 
ing any  loose  parts  of  lamp  that  may  vibrate. 

GEO.  D.  SHEPARDSON. 

JVo.  IJ4  — Is  it  desirable^  from  the  eUctric-light  company  s  stand- 
pointy  to  advise  the  use  of  the  so-called  **  turn-doion  "  lamps  by  consum- 
ers ?  Will  the  advantage  of  advertising  to  the  general  public  offset  the 
corresponding  loss  of  current  due  to  the  fact  that  the  majority  of  fneters 
in  use  will  not  register  on  the  small  filament  on  turn-down  lamps  ? 

We  have  found  it  good  practice  to  introduce  the  turn-down 
lamps  to  our  customers.     They  find  the  arrangement  very  con- 
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venient,  and  are  inclined  to  use  light  in  other  places  than  where 
they  wire  up  for  the  connection. 

WALTER  L.  MULLIGAN. 

We  advocate  the  use  of  turn-down  lamps  by  our  customers, 
and  are  strongly  in  favor  of  their  use.  Our  idea  is  that  electric 
lighting  is  popular  on  account  of  its  convenience,  as  much  as 
anything  else,  and  this  feature  is  certainly  a  long  step  in  that 
direction.  We  have  secured  several  residence  customers  on  the 
strength  of  the  turn-down  lamp.  We  have  no  trouble  with 
our  meters  failing  to  register  current  consumed  by  the  turn- 
down lamps,  but  if  the  meter  did  not  register  the  current,  we 
should  still  advocate  the  use  of  the  lamp  for  the  reason  stated. 
What  we  might  lose  in  current  would  be  more  than  made  up 
to  us  in  satisfied  customers.  S.  S.  INGMAN. 

We  beHeve  that  it  is  desirable  to  encourage  the  use  of  the 
turn-down  lamps  by  consumers.  While  it  is  true  that  they  do 
not  register  on  the  majority  of  meters  on  the  small  filament,  it 
is  also  true  that  they  use  but  a  small  quantity  of  current,  and 
the  convenience  to  the  consumer  is  a  good  advertisement. 

CHARLES  G.  BILL. 

Yes,  to  both  questions.  The  current  lost  is  a  very  small 
item,  and  most  of  the  lights  would  not  be  burned  if  a  lamp  of 
higher  candle-power  had  to  be  used.  We  find  that  most  of  our 
meters  will  run  on  turn-down  lamps.  C.  C.  GILES. 

We  do  not  advise  the  use  of  any  lamp  that  does  not  con- 
sume at  least  20  watts. 

LA  CROSSE  GAS  AND  ELECTRIC  CO. 

Yes.  W.  S.  BARSTOW. 

We  believe  it  is  not  desirable. 

THE  EUISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

We  are  putting  out  turn-down  lamps  at  cost,  hoping  that 
the  extra  takers,  etc.,  will  more  than  pay  us  for  loss  of  current. 

FRED.  B.  HUBBELL. 

Turn-down  lamps  are  a  novelty  and  a  convenience  that 
appeal  greatly  to  the  customer,  and  are  undoubtedly  a  great 
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factor  in  securing  residence  business.  The  .writer  believes  that 
any  unregistered  current  that  they  may  use  is  more  than  com- 
pensated for  by  the  good  they  are  doing  to  the  electrical  busi- 
ness in  an  advertising  way.  JOHN  F.  GILCHRIST. 

We  consider  it  advisable  to  give  our  customers  the  benefit 

of  turn-down  lamps,  as  we  find  that  it  is  such  things  as  this 

'  that  make  electric  lights  almost  indispensable,  and  in  this  way 

we  increase  our  business  far  more  than  the  reduction   in  the 

amount  of  current  used  would  amount  to.  ^ 

F.  L.  WILLIAMSON  &  CO. 

It  seems  desirable  for  an  electric-light  company  to  provide 
every  possible  convenience  to  its  customers.  One  of  the  disad- 
vantages of  the  electric  light  has  been  that  it  is  either  all  on  or 
all  off.  The  turn-down  lamps  of  various  types,  and  regulating 
switches  containing  resistances,  are  desirable  conveniences,  and 
it  would  seem  that  their  use  should  be  encouraged  by  the  sup- 
plying companies,  upon  whom  should  rest  the  responsibility  of 
providing  a  meter  sensitive  enough  to  record  all  of  the  current 
they  sell.  A.  W.,  N.  Y.  ED.  CO. 

In  my  opinion,  electric  lighting  should  be  made  as  flexible 
as  any  other  illuminant  in  respect  to  being  regulated  and 
dimmed  as  occasion  requires.  "  Turn-down  *'  lamps,  in  provid- 
ing an  economical  means  of  accomplishing  this,  unquestionably 
aid  electric  lighting  and  enable  central  stations  to  compete  with 
gas  and  oil,  both  of  which  can  be  turned  down.  The  objection 
that  there  is  some  current  lost  through  the  meter  failing  to 
register  on  the  small  filament  of  the  turn-down  lamp,  is  not  a 
material  one,  as  this  loss  amounts  to  but  little,  and  it  can  be 
readily  discounted  by  the  advantages  gained  in  having  custom- 
ers use  electric  light  generally  instead  of  adopting  gas  where  a 
dim  light  is  required.  FRANCIS  W.  WILLCOX. 

No.  IJS' — What  system  is  mostly  used  to  check  up  lamp  manu- 
facturers' guaranteed  life  and  general  efficiency! 

We  test  25  per  cent  of  the  lamps  received  for  initial  candle- 
power  and  efficiency,  and  run  frequent  life-tests. 

WALTER  L.  MULLIGAN. 
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We  know  of  no  system  of  checking  iamp  manufacturers' 
guarantees  so  comprehensive  and  so  generally  useful  as  the 
system  of  the  Lamp  Testing  Bureau.  This  system,  roughly 
stated,  is  as  follows: 

On  small  purchases  of  lamps  the  packages  are  sent  by  the 
manufacturer  under  orders  from  the  purchaser  to  the  laboratory 
of  Lamp  Testing  Bureau  (on  large  purchases  we  go  lo  the 
factory  of  the  lamp  manufacturer),  where  they  are  submitted  to 
a  very  careful  inspection  to  determine  the  number  of  lamps 
having  faults  due  to  careless  inspection  by  the  manufacturer. 
This  requires  a  knowledge  of  factory  faults,  and  requires  ap- 
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are  rejected,  and  the  entire  barrel  is  sent  back  to  the  manufac- 
turer. Not  only  must  the  individual  lamps  measure  within  the 
specified  limits  of  candie-power  and  amperes,  but  the  average 
candle-power  and  the  average  amperes  must  fall  within  certain 
prescribed  limits. 

These  inspections  and  tests  determine  whether  or  not  the 
lamps  are  acceptable  by  the  purchaser,  and  if  acceptable,  certain 
sample  lamps  are  selected — cither  at  random,  or  in  accordance 
with  previous  arrangements  between  the  manufacturer  and  the 
purchaser — and  these  selected  lamps  are  set  up  for  continuous 
burning  on  test  banks,  run  at  extremely  close  voltage  regulation, 
and  their  performance  through  life  is  noted  :  first  by  pulling 
the  lamps  into  a  photometer  periodically — preferably  after  50 
hours'  burning  and  thereafter  at  each  100  hours  of  burning — 
and  a  candle-power  performance  curve  plotted  for  each  lamp. 
From  this  curve  can  be  determined  the  candle-hours  of  actual 
service  rendered  by  the  lamp.  This  is  a  true  measure  of  the 
value  of  the  lamp,  as  it  shows  what  the  lamp  is  capable  of  when 
operated  correctly.  It  is  easy  to  determine  what  this  same  lamo 
would  do  if  operated  a  trifle  high  or  a  trifle  low  as  to  voltage  : 
but  unless  the  average  voltage  of  the  customer  is  known,  it  can 
not  be  accurately  stated  what  performance  that  customer  might 
expect  from  these  lamps  in  service  on  his  circuit. 

While  undergoing  this  candle-hour  test,  various  faults  10 
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the  lamp  are  noted.  A  good  average  record  can  be  made  of 
lamps  some  of  which  are  very  poor  and  some  of  which  are  very 
good  indeed,  but  the  best  lamps  are  those  whose  average  value 
is  high  and  which  are  uniformly  good,  none  being  very  bad  and 
none  exceptionally  good.  Those  lamps  that  fail  very  early  in 
their  life  give  cause  for  severe  complaint  on  the  part  of  cus- 
tomers, and  their  badness  is  not  compensated  for  by  the  excep- 
tionally good  lamps  from  the  same  barrel. 

WILSON   S.  HOWELL. 

We  depend  upon  the  Edison  Lamp  Bureau.  A  large  num- 
ber of  the  smaller  concerns  probably  do  nothing  to  check, 
though  a  great    many  of    them    have    their    own   photometer 

rooms. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  general  efficiency  and  life  of  incandescent  lamps  may 
be  ascertained  by  the  use  of  a  photometer  and  life-test  board. 
Ten  lamps  selected  from  each  barrel  received  are  tested  for 
candle-power  and  watt  consumption  at  their  labeled  voltages. 
A  sufficient  number  of  these  to  represent  the  average  of  the  lot 
are  then  placed  on  the  life-test  board.  The  board  may  be 
equipped  with  resistance  so  that  the  average  voltage  on  the 
lamps  is  about  the  same  as  that  at  which  they  are  rated. 
Accurate  results,  of  course,  require  means  for  maintaining  con- 
stant pressure,  but  this  method  is  nevertheless  very  satisfactory 
as  a  means  of  ascertaining  the  comparative  life  of  the  lamps  of 

different  makes  under  existing  conditions. 

H.  B.  GEAR. 

A  comprehensive  system  that  has  met  with  general 
approval,  both  on  the  part  of  the  manufacturer  and  the 
purchaser,  is  that  originally  inaugurated  under  the  auspices  of 
the  Association  of  Edison  Illuminating  Companies  under  a 
schedule  of  inspections  and  tests  covering  all  the  qualities  of 
the  lamp  product,  mechanical,  electrical  and  photometric  ;  these 
tests  being  carried  out  by  a  third  party  (in  this  case  the  Lamp 
Testing  Bureau),  acceptable  to  the  manufacturer  and  purchaser 
and  provided  with  special  facilities  for  the  maintenance  of 
correct  standards  and  adequate  testing  facilities. 

T.  W.  v.,  N.  Y.  ED.  CO. 


Lamp  manufacturers'  guarantees  cover  two  points:  (i) 
Correctness  of  initial  limits;  (j)  Life  and  candle-power  per- 
formance. The  general  practice  in  checking  up  limits  (i)  is 
simply  to  test  each  lot  or  barrel  received  and  reject  such  pack- 
ages as  fail  to  conform  to  the  limits  guaranteed.  The  customer 
can  always  elect  to  test  the  entire  barrel  and  reject  only  such 
lamps  as  fall  outside  the  limits,  and  this  method  is  sometimes 
adopted  when  the  lamp  stock  is  low  and  it  is  not  desirable  to 
return  all  the  lamps  in  the  package  or  box,  but  simply  those 
[hat  are  not  up  to  specifications. 

For  requirement  (2) — life  and  candle-power  performance — 
the  general  method  is  to  take  one  or  more  lamps  from  each 
package  or  shipment  and  place  these  lamps  on  life  test  with 
lamps  from  other  lots,  observing  the  proper  precautions  as  to 
correct  voltage,  efficiency,  etc.,  to  insure  a  definite  result. 

The  writer  has  found  that  customers  while  checking  up 
manufacturers'  guarantees  on  limits  quite  frequently  omit  to 
check  up  the  guarantees  on  life  and  candle-power  performance. 
This,  it  should  not  be  necessary  to  point  out,  is  a  mistake, 
inasmuch  as  the  correctness  in  initial  limits  does  not  mean  the 
quality,  and  of  the  two  specification  features  it  is  more 
important  to  check  up  life  and  candle-power  performance  than 
initial  limits.  It  should  be  evident  to  every  one  that  specifica- 
tions without  checking  tests  are  worthless. 

FRANCIS  W,  WILLCOX. 

A'o.  136. —  Whal  is  the  best  incamieuent-lamp  base  to  adopt, 
and  why? 

Screw  or  Edison  base.     Contact  is  better.      A.  O.  FRETZ. 

We  believe  in  the  Edison  base.  Probably  more  of  this 
kind  of  base  are  in  use  in  this  country  than  of  any  other  kind. 
This  would  seem  3  good  reason  for  its  adoption. 

GEO.  B.  LAUDER, 

I  have  used  a  number  of  makes  of  incandescent  lamps,  and 

I  like  the  Edison  base  better  than  any  other.     In  putting  in  the 

lamps  you  are  not  likely  to  short-circuit  the  line,  or  in  any  way 

give  trouble,  and  it  is  seldom  that  Ihev  pull  out  of  their  sockets. 

(UNSIGNED.) 
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The  Edison,  because  the  lamps  are  held  firmly  in  the  socket, 
making  a  sure  contact,  and  the  lamps  are  cheaper  with  this 
base  than  with  almost  any  other.  C.  C.  GILES. 

Edison  base,  as  it  is  mechanically  strong. 

W.  S.  BARSTOW. 

The  Edison  base,  because  it  is  standard. 

LA  CROSSE  GAS  AND  ELECTRIC  CO. 

We  have  recently  put  in  Edison  to  replace  those  we  formerly 
used,  mainly  because  the  lamps  are  cheaper,  and  to  secure 
uniformity.  FR,ED.  B.  HUBBELL. 

The  Edison  base,  on  account  of  saving  in  cost,  and 
superiority  of  mechanical  design,  allowing  of  neater  and 
stronger  construction  with  fewer  parts  and  better  fastening  of 
connections ;  one  of  the  main  objections  to  the  Thomson- 
Houston  base  being  the  trouble  experienced  from  loosening  of 
wires  from  contacts  in  face  of  base.  P.  G.  GOSSLER. 

We  believe  the  Edison  base  is  the  best,  because  it  is  the 
cheapest  and,  mechanically,  the  most  simple  and  substantial. 
THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTQN. 

The  Edison  base.  It  is  estimated  that  probably  three- 
fourths  or  more  of  all  the  sockets  in  use  are  of  the  Edison  base 
type,  and  consequently  lamps  with  Edison  bases  are  carried  in 
stock  by  every  lampmaker  in  larger  quantities,  more  voltages, 
more  candle-powers  and  efficiencies,  than  lamps  with  any  other 
type  of  base.  This  means  that  the  Edison  type  of  base  holds 
the  lamp  firmly  in  its  socket  and  by  the  action  of  screwing-in  is 
compressed  into  it.  Other  types  of  screw  base  are  dragged  into 
the  socket,  with  a  tendency  to  pull  it  apart.  Other  bases  are 
held  by  springs  and  clips  rather  insecurely  and  do  not  make  as 
good  contact  as  the  screw- type  base. 

T.  W.  v.,  N.  Y.  ED.  CO. 

The  Edison  base,  because  it  has  the  most  perfect  mechanical 
and  cflectrical  contact,  without  undue  expense  and  need  of  careful 
handling. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 


The  Edison  base  deserves  credit  for  being  the  best  base. 
First,  because  it  is  most  universal.  Second,  because  it  has 
fewer  undesirable  features  than  any  other  base.  Third,  it  is 
simple.  The  lamp  screws  home  without  any  effort  and  no  live 
contacts  are  exposed  in  the  latest  form  of  lamp  base.  I  think 
the  strongest  argument  in  favor  of  the  adoption  of  the  Edison 
base  as  a  standard  is  the  fact  that  fully  95  per  cent  of  all  the 
installations  made  in  the  United  States  are  Edison  base.  It 
may,  therefore,  be  considered  as  a  universally  accepted  stand- 
ard. I  think  lamp  dealers  consider  all  other  bases  as  special, 
and  do  not  carry  them  in  slock. 

1  believe  that  every  one  agrees  that  the  Westinghouse  is  a 
poor  type  of  base  and  should  not  be  considered.  Comparisons 
can,  therefore,  be  drawn  only  between  the  Thomson-Houston 
and  Edison  bases.  The  Thomson- Houston  base  costs  the 
average  customer  one  cent  more  per  lamp  than  does  the  Edison 
base  lamp.  It  is  only  a  semi-standard  base,  so  far  as  we  are 
concerned,  as  we  do  not  carry  lamps  in  stock  with  the  Thomson- 
Houston  base  except  on  future  delivery  orders 

As  to  the  mechanical  qualities,  I  think  the  Edison  base  is 
superior  in  every  respect.  It  has  also  Che  advantage  of  being 
comparatively  waterproof.  FRANCIS  W.  WILLCOX. 

A'o.  ijj.—  ln  the  latest  type  of  Edison  tamp  there  is  no  place 
suitable  for  stamping  the  dale  of  delivery  to  eustmners  when  free 
leiiewals  are  furnished.  Would  it  not  be  advisable  for  the  manu- 
facturers to  have  blank  labels  pasted  on  for  this  purpose  t 

In  my  opinion,  yes.  A,  O.  FRETZ. 

It  would  probably  be  better  for  each  central  station  that 
practices  dating  its  lamps,  to  supply  its  own  labels  and  aflSx 
them  to  the  lamps,  using  a  date  stamp.  As  it  is  not  a  universal 
practice  for  central  stations  to  date  their  lamps,  it  would  not  be 
desirable  to  ask  the  manufacturer  to  provide  labels  that  could 
be  more  readily  supplied  by  each  company,  as  above  suggested. 
In  the  light  of  present  practice  (the  periodic  renewal  of  lamps 
regularly  maintained),  it  would  seem  that  the  matter  of  dating 
tamps  was  rather  an  out-of-date  practice,  and  that  instead  of 
wasting  time  and  labor  in  this  way  it  would  be  belter  practice 
to  renew  the  lamps  periodically  on  any  one  of  the  approved 
systems  in  use  to-day.  FRANCIS  W.  WILLCOX. 
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We  think  it  would  be  advisable  to  have  a  blank  label  pasted 
on  lamps,  so  that  date  of  delivery  could  be  stamped  on. 

LA  CROSSE  GAS  AND  ELECTRIC  CO. 

Blank  labels  would  be  washed  or  scraped  ofT  by  the  con- 
sumer while  cleaning  lamps.  Can  not  the  date  be  scratched  on 
the  base  or  cap  of  lamp  ?  GUY  C.  GUM. 

I  see  no  advantage  in  stamping  date  of  delivery  to  custom- 
ers on  lamps.  The  length  of  time  the  lamp  is  on  the  circuit 
does  not  affect  its  life ;  it  is  only  affected  by  the  number  of 
hours  it  is  used,  and  the  date  would  in  no  way  tell  how  long  this 
use  has  been.  Up  to  a  few  years  ago  we  stamped  our  lamps,  but 
have  now  abandoned  the  practice.  T.  RICHARDSON. 

Yes. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

We  believe  that  so  few  users  of  lamps  have  a  proper  system 
of  dating  renewals  that  the  extra  label  on  lamps  should  not  be 
applied  except  upon  special  request  from  those  few  purchasers. 
Paper  labels  are  a  disfigurement  to  the  lamps,  especially  when 
soiled  ;  it  is  better  to  etch  a  label  upon  the  lamp.  This  is  both 
permanent  and  neat,  and  does  not  interfere  with  the  illumina- 
tion -,  the  etching  of  the  date  can  be  done  by  a  cheap  man  in  the 
lamp-room  with  a  rubber  stamp  and  the  proper  kind  of  acid. 

T.  W.  v.,  N.  Y.  ED.  CO. 

No.  Ij8. —  What  has  been  the  experience  with  electric  heating  in  a 
small  way  ? 

We  have  been  having  considerable  experience  with  electric 
heaters  during  the  past  season,  and  find  that  they  give  very 
satisfactory  results  at  the  price  we  make — five  cents  per  kw- 
hour.  WALTER  L.  MULLIGAN. 

Electric  heating  is  economical  only  when  used  for  special 
purposes,  where  other  methods  can  not  be  used. 

W.  S.  BARSTOW. 

Electric  heating  is  making  slow  progress.  It  is  perhaps 
more  expensive  than  oil  or  gas,  but  it  possesses  the  feature  of 
convenience  far  beyond  that  of  any  other  method.  The  absence 
of  odor  is  also  an  important  consideration.     It  has  been  found 
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that  gas  heating  causes  a  considerable  feeling  of  depression — 
or  oppression — mental  or  physical — placing  a  limit  upon  the 
work  of  the  occupants  of  offices  so  heated.  These  objections 
can  be  entirely  removed  by  installing  the  electrical  system. 
Notwithstanding  the  advantages,  the  growth  is  slow — the  New 
York  increase  of  the  year  being  approximately  from  300  to  400 
separate  pieces  of  heating  apparatus. 

A.  W.,  N.  Y.  ED.  CO. 

No.  ijg. —  What  has  been  the  experience  in  operating  single-phase 
motors  on  lighting  circuits  ? 

• 

We  have  several  single-phase  motors  on  our  lighting  cir- 
cuits, one  of  which  is  lo-hp,  and  while  we  find  it  causes  a  slight 
fluctuation  on  the  lighting  circuit,  it  is  only  run  in  the  daytime, 
and  as  the  load  from  the  motor  overlaps  the  lighting  circuit  but 
three  months  in  the  year,  we  do  not  consider  it  serious  enough 
to  be  objectionable.  S.  S.  INGMAN. 

Whether  satisfactory  or  not  depends  upon  the  size  of  gen- 
erator or  generators,  line  and  transformers  to  which  it  is  con- 
nected, the  starting  current  referred  to  same,  and  the  character 
of  the  load.  PEORIA  GAS  AND  ELECTRIC  CO. 

Single-phase  motors  can  be  used  on  lighting  circuits  without 
any  difficulty  if  their  load  is  steady.  If  it  is  irregular,  they 
should  be  connected  to  transformers  having  a  capacity  at  least 
double  that  of  the  motor,  or,  preferably,  to  independent  trans- 
formers. They  should  not  be  used  where  it  is  necessary  to  start 
and  stop  frequently.  C.  C.  GILES. 

It  has  been  successful  with  us  ;  we  have  about  150  horse- 
power in  use.  F.  VAN  der  VOORT. 

Single-phase  motors  are  being  operated  in  large  numbers 
on  lighting  circuits  in  Chicago  without  interfering  with  the 
lighting  service.  These  motors  are  operated  on  separate  trans- 
formers. H.  B.  GEAR. 

Perfect  success  has  been  experienced  in  operating  single- 
phase  motors  on  alternating-current  circuits  when  existing  con- 
ditions are  considered  and   motors  installed  properly  with  ref- 
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erence  to  those  conditions.  The  use  of  a  form  of  starting 
resistance  is  advised  when  comparatively  large  loads  are  to  be 
started,  as  being  the  best  method  to  avoid  fluctuations  in  the 
lighting  service. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  Missouri-Edison  Electric  Co.  is  now  operating  on  light- 
ing circuits  a  connected  load  of  about  1200  horse-power  in 
alternating-current,  single-phase,  60-cycle  motors.  The  motors 
range  in  size  from  small  fan  motors  up  to  30-hp.  The  results 
have  been  satisfactory.  We  find  it  is  necessary  to  limit  the 
starting  current  by  starting  the  large  motors  on  half  voltage,  or 
on  a  rheostat.  We  also  use  separate  transformers  for  large 
motors  in  our  overhead  district.  In  our  underground  district, 
motors  are  connected  to  secondary  service  direct. 

M.  L.  HOLMAN. 

It  is  the  general  experience  of  stations  operating  units  of 
several  hundred  kilowatts  (300-400)  that  single-phase  inductive 
motors  of  5-hp  or  less  can  be  successfully  operated  by  making 
the  copper  in  the  lighting  circuits  sufficiently  heavy  not  to  cause 
bad  drop  when  the  motors  are  started. 

W.  T.  M.,  N.  Y.  ED.  CO. 

Our  experience  in  the  operation  of  single-phase  motors  has 
been  entirely  satisfactory,  and  we  shall  continue  our  present 
method  of  having  them  installed  wherever  possible. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 

No,  140. —  To  what  sizes  is  the  operation  of  single-phase  motors 
on  lighting  circuits  practically  limited! 

About  15  horse-power,  if  started  frequently. 

F.  VAN  der  VOORT. 

The  limit  of  size  of  single-phase  motors  on  lighting  circuits 
is  practically  determined  in  most  cases  by  the  generator 
capacity.  The  drop  due  to  the  starting  of  single-phase  motors 
larger  than  3-hp  on  a  loo-kw  machine  is  usually  sufficient  to 
cause  a  momentary  dip  in  the  pressure.  This  effect  is  more 
noticeable  when  the  machine  is  carrying  a  comparatively  light 
load.  In  Chicago,  where  the  smallest  machine  operating  such 
motors  is  of  400-kw  capacity,  and  where  three-phase  service  is 
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provided  for  larger  motors,  the  size  of  single-phase  motors  is 
limited  to  5-hp.  The  line  drop  due  to  motors  on  a  2200-volt 
circuit  has  little  effect  on  the  pressure  delivered  to  other  trans- 
formers on  the  same  circuit  where  the  motors  are  within  three 
miles  of  the  station.  H.  B.  GEAR. 

Single-phase  motors  of  3-hp  on  circuits  of  small  capacity, 
and  motors  of  5-hp  on  circuits  of  generous  copper  capacity, 
have  proved  to  be  the  maximum  sizes  that  can  be  installed  and 
started  in  the  ordinary  way  without  affecting  the  lighting  ser- 
vice, but  these  sizes  can  be  somewhat  increased  by  using  some 
device  to  limit  the  starting  currents,  as,  for  instance,  a  resistance 
box.  The  introduction  of  automatic  feeder  regulators  on 
circuits  operating  motors  and  lights  will  materially  improve 
present  conditions. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

The  size  of  single-phase  motors  that  can  be  operated  satis- 
factorily on  a  lighting  circuit  is  limited  by  the  capacity  of  the 
circuit,  the  character  of  the  lighting  load,  and  the  ability  of  the 
manufacturers  to  build  the  motors.  The  Missouri  Edison 
Electric  Co.  is  operating  a  connected  load  of  55  horse-power  on 
a  circuit  of  loo-kw  capacity.  A  larger  variation  of  voltage  can 
be  permitted  on  a  lighting  circuit  in  a  manufacturing  district 
than  on  a  circuit  in  a  high-class  residence  district  or  a  com- 
mercial district.  M.  L.  HOLMAN. 

(The  recording  voltmeter  chart  inclosed  with  Mr.  Holman's 
answer  shows  almost  perfect  regulation. — EDITOR.) 

The  stations,  as  spoken  of  in  answer  to  question  139,  could 
not  run  satisfactorily  larger  single-phase  induction  motors  than 
5-hp,  as  the  drop  on  the  300-kw  generators  would  be  excessive 
if  larger  motors  were  used.  Stations  with  heavier  circuits  and 
larger  generators  could  probably  run  proportionately  larger 
motors.  W.  T.  M.,  N.  Y.  ED.  CO. 

We  have  found  the  operation  of  single-phase  motors  limited 
only  to  the  sizes  in  which  they  are  manufactured.  In  another 
station,  however,  the  equipment  in  generators  and  transformers 
might  limit  the  size  of  single-phase  motors  that  could  be  used. 
This  would  apply,  however,  to  all  classes  of  induction  motors. 
YOUNGSTOWN  CONSUL.  GAS  AND  ELEC.  CO. 
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No.  141. —  What  is  the  best  method  to  pursue  where  the  starting 
current  of  an  induction  motor  is  so  far  in  excess  of  the  running 
current  that  a  fuse  which  will  hold  the  starting  current  will  not 
protect  the  motor  ? 

We  know  of  nothing  to  do  except  to  fuse  the  motor  heavily 
enough,  or  use  a  circuit-breaker  heavy  enough  to  start  the  motor 
and  let  it  go  at  that.  We  have  thought  this  over  a  good  many 
times,  but  have  arrived  at  no  results.  GEO.  B.  LAUDER. 

The  best  method  is  to  use  a  two-switch  and  double-fuse 
arrangement,  using  a  heavy  fuse  for  the  starting  current  and 
the  proper  size  of  fuse  to  protect  the  motor  for  the  running 
current.      The  arrangement  is  best  shown  by  the  accompanying 


sketch.  It  adds  very  little  to  the  cost  of  installation,  and  does 
not  require  more  than  30  seconds'  additional  time  in  starting 
the  motor.  A.  C.  BLINN.  ^ 


Use  time-limit  devices. 


W.  S.  BARSTOW. 
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Use  a  double-throw  switch  that  will  allow  the  motor  to  be 
started  and  attain  full  speed  without  the  fuse  in  circuit,  and  then 
be  thrown  to  running  position  with  fuses  protecting.  A  much 
better  device  is  a  circuit-breaker  arranged  to  be  locked  during 
starting  period  and  to  be  released  when  motor  attains  full  speed, 
with  an  adjustment  suitable  for  protection  from  abnormal 
currents  in  the  running  position. 

THE  EDISON  ELEC,  ILL'G  CO.  OF  BOSTON. 

The  question  evidently  refers  to  an  induction  motor  that 
does  not  use  a  starting  resistance  in  series  with  the  armature 
winding.  Such  motors  are  usually  started  through  the  means 
of  so-called  "auto-transformers"  or  ''starting  compensators," 
which  reduce  the  voltage  to  the  minimum  that  will  give  the 
required  starting  torque.  Notwithstanding  this  reduction  in 
voltage,  the  starting  current  is  usually  several  times  the  running 
current,  so  the  question  still  remains  unanswered.  One  very 
satisfactory  way  of  overcoming  this  difficulty  is  to  so  construct 
the  switch  used  in  connection  with  the  starling  compensator  that 
the  fuses  will  be  out  of  circuit  when  the  switch  is  in  the  starting 
position  but  will  be  thrown  into  circuit  as  soon  as  the  switch  is 
in  the  running  position.  While  something  may  happen  requiring 
the  opening  of  the  circuit  during  the  few  seconds  that  the  fuses 
are  out  of  circuit,  the  attendant  is  always  on  hand  at  such  a 
time  and  can  immediately  break  the  circuit  with  the  switch. 
WALTER  S.  MOODY. 

No.  143. —  What  is  the  fiest  mttAod  of  operating  eUctrit  elevatan 
on  an  alUrrtating-Cttrrent  system  j  one,  two  or  three-fikase  f 

Three-phase.  W.  S.  BARSTOW. 

Single-phase,  belted.  F.  VAN  der  VOORT. 

The  phase  makes  but  little  difference,  but  to  get  good, 
reliable  results,  the  instruments  (including  the  brake)  for  con- 
trolling the  motor  should  be  supplied  with  direct  current  from  a 
rotary  transformer  or  aluminum  cells.  G.  A.  LE  FEVRE. 

Absolutely  no  choice. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 
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The  writer  knows  of  no  satisfactory  single-phase  motor 
that  can  be  directly  connected  for  elevator  service  as  generally 
required.  With  reference  to  two  or  three-phase  motors,  it  is  a 
question  of  distribution,  as  a  two-phase  motor  will  do  the  work 
equally  as  well  as  a  three-phase,       W.  E.  McC  .  N.  Y.  ED.  CO, 

No.  14J. —  IV fiat  has  been  the  experience  of  small  lighting  plants 
that  are  furnishing  current  for  tleclricalh-driven  pumps  in  city  waler- 
morks?     Has  it  been  found  to  be  profitable  I 

The  writer  has  had  a  personal  encounter  with  a  7S-hp,  three- 
phase  induction  motor,  direct-connected  to  a  1,000,000-gallon 
triples,  double-acting  pump,  working  against  a  head  of  110 
pounds'  pressure  with  a  lift  of  10  feet  and  controlled  from  the 
electric-power  station,  a  distance  of  two  miles. 

Most  of  the  lighting  companies  are  handicapped  with  a 
three-hour  peak  every  7\  hours.  To  take  care  of  this  peak,  it  is 
necessary  to  install  sufficient  apparatus,  which  lies  idle  for  at  least 
18  hours,  bringing  in  no  revenue  whatever.  In  fact,  every  piece  of 
apparatus  in  the  station  is  operating  at  its  lowest  efficiency.  We 
will  suppose  that  an  arrangement  could  be  made  with  the  com- 
pany supplying  the  city  with  water  where  it  is  necessary  to  use 
a  pump  having  the  equipment  and  a  reservoir  iarge  enough  to 
keep  a  supply  of  water  for  at  least  10  or  12  hours  ahead  of  the 
demand.  Controlling  the  equipment  from  the  central  station, 
you  will  soon  discover  that  you  can  dispose  of  current  for  this 
purpose  at  an  exceedingly  low  figure,  and  at  the  same  time  show 
a  decided  decrease  in  cost  of  manufacturing  per  kw-hour  and 
have  a  proportionate  increase  in  revenue. 

Taking  the  following  as  a  base  to  work  upon,  1  would  say 
that  electrically-driven  pumps  operated  from  a  central  station 
can  be  operated  with  economy  to  both    producer  and  consumer. 

After  selecting  a  pump  that  exactly  suits  the  conditions 
under  which  it  will  operate,  provide  it  with  a  by-pass  of  suf- 
ficient capacity  to  take  the  entire  discharge  of  the  pump,  auto- 
matically controlled  so  that  the  pressure  will  at  no  time  exceed 
the  capacity  of  the  pump.  Arrange  to  operate  the  equipment 
during  the  light-load  period,  controlling  the  supply  of  current 
from  the  central  station.  Assuming  that  the  height  of  the 
reservoir  is  256  feet,  the  capacity  of  the  pump  at  one  revolution 
is  15.7  gallons,  and  that  the  speed  is  40  revolutions  per  minute, 
you  will  require  40  horse-power  to  operate  this  pump  against  the 
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In  24  hours  you 
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of  coal,  which  at  $2. 
>  each  makes  a  total  of  $10.  Most 
1  where  it  is  necessary  to  haul  the 
fuel  ;  this,  of  course,  would  be  an  additional  expense.  Ten 
dollars  represents  the  cost  of  pumping  per  1,000,000,  or  one  cent 
per  1000,  gallons. 

An  electric  equipment  performing  this  same  work  will 
require,  including  line  loss  up  to  two  miles,  717  kilowatts  per 
1,000,000  gallons,  or  .00716  cent  per  1000  :  which  current,  if  dis- 
posed of  at  the  mill  of  the  manufacturer,  can  in  most  inslances 
be  sold  for  one  cent  per  kw-hour,  provided  the  consumer  installs 
the  transmission  line.  Of  course  this  pump  will  require  some 
attention,  but  this  can  be  arranged  with  a  lamp  trimmer,  or 
some  one  connected  with  the  company  who  may  reside  in  the 
immediate  neighborhood  of  the  station. 

From  my  experience  I  would  suggest  that  the  series-wound 
motor  is  especially  adapted  to  pumping  water,  and  that  where 
an  alternating  motor  is  necessary,  one  with  collecting  rings  be 
installed,  with  a  compensating  device  to  lake  care  of  the  variable 
conditions  of  pressure.  The  service  on  the  average  pipe  line  is 
similar  to  the  demands  of  a  trolley  road,  and  absolutely  requires 
a  degree  of  flexibility  that  is  impossible  with  an  induction  motor. 
I  would  further  suggest  that  if  it  is  necessary  to  install  an  in- 
duction motor,  the  pump  and  the  motor  connected  to  it  be  of 
the  same  relative  horse-power,  instead  of  the  motor  having  a 
greater  horse-power  capacity  than  the  pump.  With  proper  in- 
stallation, which  must  be  carefully  designed  to  suit  the  local 
conditions,  there  is  no  question  about  the  economy  of  electrically- 
driven  pumps  where  current  can  be  obtained  at  a  moderate 
charge.  H.  M.  BEUGLER. 
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The  pumping  station  is  located  1300  feet  from  the  power- 
bouse  ;  the  motor-starting  box  is  in  the  power-house  and  the 
pump  is  started  from  there.  A  pressure  gauge,  arranged  to 
show  the  stage  of  water  in  the  tank,  is  placed  on  the  switch- 
board under  the  eye  of  the  attendant,  enabling  him  to  know  at 
any  time  what  water  is  in  the  tank.  The  pumps  can  be  so 
arranged  by  using  foot-valves  or  other  devices  that  they  will  be 
self-priming,  and  by  the  use  of  self-oiling  bearings  on  motor  and 
pumps  the  attendance  is  reduced  to  a  minimum.  Our  station 
attendant  examines  the  pump  and  motor  once  a  day,  and  we 
have  found  this  to  be  sufficient  during  the  four  years  that  we 
have  operated  electrically-driven  pumps.  We  have  practically 
no  labor  charge  for  the  pumping-plant  operation. 

The  best  way  to  contract  for  service  of  this  kind  is  to  charge 
by  the  gallons  pumped.  Measurement  can  be  agreed  on  either 
by  piston  displacement  or  by  meter  installation  in  delivery  pipe. 
Pumping  into  a  tank  100  feet  high  would  ordinarily  cost  .75 
cent  per  1000  gallons,  counting  fuel,  attendance  and  oil  for 
pump,  and  counting  the  efficiency  from  the  engine  pulley  to  dis- 
charge end  of  the  pump,  or  to  discharge  into  tank  or  stand-pipe,  as 
50  per  cent.  The  cost  to  a  small  town  for  a  steam-driven  pump- 
ing plant,  including  fuel,  attendance,  etc.,  will  easily  reach  two 
cents  per  1000  gallons.  Assuming  a  consumption  of  250,000  gal- 
lons per  day,  at  two  cents  per  1000  it  would  amount  to  $5  00. 
The  cost  of  pumping  250,000  gallons  at  .75  cent  equals  $1.88. 
Profit  to  station  per  pay  is  $3.12,  which  for  365  days  makes 
$1138.80. 

The  city  having  its  pumping  plant  of  250,000  gallons  per 
day  operated  for  $1825  per  year  will  feel  that  it  has  made  a  good 
bargain,  particularly  if  it  has  had  experience  in  operating  a  steam- 
driven  plant  for  some  years.  An  electric-light  plant  under- 
taking to  pump  the  city's  water  will  feel  that  it  is  making  a 
nice  profit  on  its  investment.  In  fact,  a  very  small  investment 
will  often  be  sufficient,  as  the  city  can  be  made  to  buy  its  own 
motor,  and  the  service  lines  of  the  lighting  plant  may  run  close 
to  the  premises,  making  no  additional  investment  in  copper 
necessary.  Wherever  conditions  are  reasonably  favorable,  the 
operation  of  electrically-driven  water-works  pumps  will  be  found 
profitable  to  the  lighting  plant  and  very  satisfactory  to  the  town 
receiving  the  service.  ED.  PETERSON. 
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No.  144. —  Would  it  pay  to  operate  a  single-phase  j-hp  motor 
for  pumping  y  to  replace  a  steam  pump  that  is  run  for  an  independent 
boiler  requiring  a  man  in  attendance!  Company  that o^ims pump ^  oums 
lighting  plant. 

The  conditions  appear  to  be  very  favorable  for  a  motor. 

C.  C.  GILES. 

We  should  say  that  it  certainly  would  pay  to  replace  the 
steam  pump  with  a  motor-driven  pump. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  145.  —  What  is  the  best  method  of  preventing  or  mitigating  the 
bad  odor  from  exhaust  steam  used  for  heating  purposes  1 

The  bad  odor  is  due  to  the  escape  of  air  or  steam  from  the 
radiators,  usually  at  the  air  vent,  and  may  be  prevented  by 
piping  the  air  vents  to  the  outside  of  the  house  or  attaching 
them  to  an  exhauster  or  vacuum  system  similar  to  the  Paul. 

PEORIA  GAS  AND  ELECTRIC  CO. 

We  have  had  very  little  complaint  of  bad  odor  from  exhaust 
steam,  and  do  not  think  it  worth  while  to  cure  the  smell,  even  if 
it  could  be  done,  which  seems  impossible,  as  it  prevents  custom- 
ers from  letting  the  steam  waste.  C.  P.  WELLES. 

Carry  sufficient  back  pressure  on  the  engine  to  circulate  the 
exhaust  through  the  heaters  and  return  the  drips  to  a  tank  or 
the  sewer.  If  the  full  volume  of  exhaust  passes  through  the 
heaters  the  drips  should  be  returned  to  the  tank  and  an  atmos- 
pheric outlet  be  provided  at  ihe  end  of  the  line  similar  to  the 
regular  exhaust  head.  W.  I.  D.,  N.  Y.  ED.  CO. 

No.  146.  —  Which  is  the  better  system  to  use  for  street  lighting  in 
small  towns  of  1300  to  3300  population  ;  the  multiple  alternating  arc 
or  the  series  alternating  arc^  and  ivhy  ? 

Multiple  ;  because  of  flexibility.  One  light  or  more  can  be 
added  without  adding  "lub  transformer,"  or  without  having  to 
refer  to  the  load  on  the  street  circuit.  Individual  arc-lamp 
transformers  are  now  made  so  that  the  efficiency  compares 
favorably  with  that  of  the  constant-current  transformers. 

GEORGE  L.  COLGATE. 


I  would  say  that,  as  a  general  thing,  the  smaller  the  town, 
the  more  seems  to  be  expected  from  an  arc  light ;  the  conse- 
quence being  that  they  are  placed  long  distances  apart.  If  the 
multiple  system  is  used,  each  light  must  have  a  separate  trans- 
former, or  if  several  lights  a  considerable  distance  apart' are 
placed  on  one  transformer,  the  cost  for  copper  will  be  high.  The 
lights  can  not  be  turned  off  at  the  station  unless  a  third  wire  is 
used,  without  turning  off  the  commercial  lights  at  the  same 
time,  provided  the  same  circuit  is  used  for  both,  and  if  it  is  not, 
then  I  can  see  no  good  reason  for  using  multiple  arcs  for  street 
lighting  except  as  a  temporary  expedient.  Where  it  has  been 
decided  to  use  alternating  current  for  street  lighting,  the  series 
system  should  be  the  one  adopted,  the  current  being  supplied 
through  a  regulator  or  by  a  constant-current  transformer. 
Only  one  wire  is  required — usually  No.  6 — and  the  circuit  is 
controlled  from  the  station.  This  system  has  long  passed  the 
experimental  stage  and  has  proved  to  be  reliable,  flexible  and 
convenient.  W.  R.  GARDENER. 

For  street  lighting  in  a  small  town  of  1500  to  3500  popula- 
tion, the  floating-coil  alternating-series  system  is,  in  my  opinion, 
the  best,  on  account  of  its  low  first  cost  and  ease  of  handling, 
and  also  on  account  of  the  series  arc  giving  so  much  less  trouble 
in  starting  and  very  much  smaller  percentage  of  outs. 

G.  B.  LELAND. 

Series  arc.     Better  efficiency  and  cheaper. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

For  street  lighting  in  small  towns  of  1500  to  3500  popula- 
tion the  series  alternating  arc  is  the  best  system  to  adopt,  for 
the  following  reasons  : 

{a)  The  amount  of  copper  in  the  line  construction  is  less 
than  with  a  multiple  system. 

(^)  The  method  of  lighting  and  extinguishing  a  series 
system  is  very  simple  and  can  be  done  from  the  generating 
station. 

(c)  The  number  of  "  outs  "  is  less  in  the  series  system  than 
in  ihe  multiple  system.  E.  H.  MATHER. 

JVo.  14J, —  What  would  be  the  best  system  for  a  central  station  to 
adopt  for  reaching  a  town  five  miles  away  from  station,  with  a  load 
0/  about  JO  kilowatts  on  primary  for  lighting  purposes  I     The  station 
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is  equipped  with  two-phase^  60- cycle ^  2200'Volt  alternators.  Should  a 
line  be  run  from  station  at  generator  voltage^  or  should  step-up  trans- 
formers be  used? 

At  generator  voltage.  GEORGE  L.  COLGATE. 

• 

I  should  say  that  a  three-wire  circuit,  run  from  station  at 
generator  voltage,  will  give  satisfactory  service.  It  will  be 
found  advantageous  to  have  a  small  substation  at  the  point  of 
distribution,  where  the  load  can  be  divided  into  two  or  more 
circuits,  so  as  to  balance  the  load  conveniently ;  also  so  that  in 
case  of  trouble  only  a  part  of  the  service  will  be  interfered 
with.  W.  R.  GARDENER. 

A  central  station  desiring  to  operate  a  load  of  30  kilowatts 
at  a  distance  of  five  miles  from  the  station  having  two-phase 
2200-volt  generators,  should  build  a  line  of  two  No.  4  wires  that 
would  operate  at  2200  volts  without  step-up  transformers.  This 
would  give  a  loss  of  10  per  cent  at  maximum  load,  but  would 
involve  a  smaller  investment  than  would  a  line  of  No.  6  wire 
operated  at  high  pressure  with  step-up  and  step-down  trans- 
formers, and  would  save  step-up  transformer  losses. 

H.  B.  GEAR. 

Generator  voltage. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  148, — In  power-transmission  plants  operating  on  three-phase 
alternating-current  system  limited  to  J 000  feet  distance^  the  maximum 
lighting  load  being  2j  per  cent  of  the  maximum  power  load^  which  is 
the  better  system — 220  or  440  volts  ? 

This  would  depend  somewhat  upon  the  size  of  the  instal- 
lation. If  it  were  a  large  one,  440  volts  might  be  better,  on  the 
score  of  copper  economy.  If  a  small  one,  220  volts  would 
probably  be  preferable,  for  greater  simplicity  in  lamps  and 
lamp  fitting. 

THE  EDISON  ELEC.  ILLG  CO.  OF  BOSTON. 

iVo.  I4g. — Has  the  no  and  220-volt^  three-wire  system,  with 
constant-potential  street-arc- lamp  current  returning  on  the  same 
neutral  wire  as  the  commercial  light  current,  proved  satisfactory  t  If 
not,  what  is  the  trouble  experi  need  I 

We  have  been  using  constant-potential  street  arc  lamps  on 
no  and  220-volt  system,  using  the  same  neutral  wire  as  for  the 


153 

commercial  lighting,  for  nearly  three  years.  The  only  objection- 
able feature  to  this  is  that  there  is  a  momentary  dimming  of  the 
lights  when  the  street  lights  are  thrown  on.  We  do  not  con- 
sider this  of  particular  importance,  however,  as  it  is  for  such  a 
short  time  that  no  one  objects  to  it.  For  a  small  plant,  we 
consider  this  the  most  satisfactory  system  that  can  be  used  in  a 
three-wire  plant.  F.  L.  WILLIAMSON  &  CO. 

If  the  street  lamps  are  properly  balanced  on  the  system,  we 
can  not  see  how  they  would  differ  in  any  respect  from  the  com- 
mercial load.  If  they  were  not  balanced,  of  course  that  would 
produce  the  ordinary  troubles  of  that  condition.  We  are  not 
quite  sure  that  this  question  does  not  refer  to  the  expense  of 
switching  in  or  out  a  large  number  of  street  lamps. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  I^o. — Should  hi^h-volta^e  ivires  be  strung  over  or  under 
other  wireSy  and  how  much  clearance  should  be  allowed  f 

We  consider  it  advisable  to  string  high-tension  wires  over 
other  wires  wherever  it  is  possible  to  do  so.  The  clearance 
should  be  not  less  than  three  feet. 

High-voltage  wires  should  be  strung  over  other  wires,  and 
should  have  a  clearance  of  at  least  four  feet. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

High-voltage  wires  should  be  strung  over  other  wires,  and 
where  linemen  are  to  work  on  the  low-tension  wires  when  the 
high-voltage  circuits  are  alive,  a  space  of  25  inches  should  be 
allowed  as  a  clearance  between  the  two  sets  of  wires. 

E.  H.  MATHER. 

No.  i^i. —  To  prevent  danger  to  linemen  and  troubles  from  induc- 
tion, what  should  be  the  minimum  vertical  distance  between  the  high- 
tension  wires  (lOOO  to  2000'Volt)  of  two  different  companies  occupying 
the  same  side  of  the  street  or  crossing  at  right  angles  ? 

Four  feet. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

To  prevent  danger  to  linemen,  a  vertical  distance  of  25  inches 
is  a  reasonably  safe  clearance  between  two  sets  of  wires.     This 
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distance,  however,  will  not  always  prevent  troubles  from  induc- 
tion. E.  H.  MATHER. 

No.  1^2. — In  a  monocyclic  system  with  yjoo-volt  feeders^  stepping 
down  to  2  200  volts  for  distribution^  should  there  be  a  separate  system  of 
power  mains,  or  should  the  poiver  and  lighting  transformers  be  con- 
nected to  the  same  lines  ? 

Much  less  trouble  from  variation  of  voltage  will  be  experi- 
enced if  separate  power  and  lighting  mains  are  used.  It  is 
impossible  to  get  good  lighting  service  from  a  transformer  sup- 
plying a  motor  at  the  same  time.  EDITOR. 

Power  and  lighting  transformers  should  be  connected  on 
the  same  line. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  i§j. —  What  size  of  wire  is  required  to  operate  sei^enty-five 
do-cyclCy  constant-current,  j. ^-ampere,  series  alternating  arc  lamps  with 
yj  volts  at  arc  on  a  circuit  18  miles  long  ? 

No.  6  B  and  S  wire,  spaced  18  inches  between  centres,  would 
make  the  drop  10.5  per  cent. 

No.  4  B  and  S  would  make  the  drop  7.2  per  cent  under  the 
same  conditions,  assuming  that  the  return  wire  parallels  the 
outgoing  wire  throughout  the  circuit.  EDITOR. 

No.  1^4. — Are  the  present  strain  insulators  for  guying  safe  for 
from  4000  to  pooo  volts  ? 

Yes,  if  multiplied  ;  one  for  each  2000  volts  or  fraction  thereof. 

GEORGE  L.  COLGATE. 

I  do  not  think  they  are  safe  in  damp  weather,  for  the  damp- 
ness causes  the  current  to  leak  over.  H.  A.  HAMPTON. 

Should  put  several  in  series. 

THE  EDISON  ELEC.  ILL*G  CO.  OF  BOSTON. 

Our  experience  with  strain  insulators  at  from  4000  to  9000 
volts  has  been  that  they  are  not  good  for  any  voltage,  as  they 
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nearly  all  prove  not  to  be  insulators  at  all  after  they  have  been 
in  service  a  short  lime.  JAS.  E.  PYLE. 

We  find  that  the  average  *'  Lieb  "  insulator  stands  up  under 
a  strain  of  3500  to  4000  volts,  but  would  not  advise  the  use  of 
same  as  a  protection  against  this  in  a  span.  Those  of  porcelain 
are  safe,  provided  the  cracking  and  breaking  can  be  eliminated. 

J.  N.  ELEY. 

No.  /jj". — Does  it  add  to  the  danger  to  linemen  working  on  over- 
head lines  to  ground  the  neutral  on  2 joo-volt  primary  circui's  ? 

We  do  not  consider  it  more  dangerous  to  linemen  working 
on  overhead  lines  when  the  neutral  on  2300-volt  primary  cir- 
cuits is  grounded.  In  using  three-phase,  four-wire  system  dis- 
tribution it  is  better  to  have  the  neutral  grounded,  as  it  insures 
a  minimum  of  2300  volts  difference  in  potential  between  any 
phase  and  ground,  whereas,  w-ith  the  neutral  not  connected  to 
ground  the  neutral  would  operate  under  normal  conditions  at 
ground  potential,  and  under  other  conditions  of  operation  when 
there  was  a  difference  of  insulation  between  any  of  the  three 
phases  and  ground,  the  potential  of  one  or  more  of  the  phases 
might  rise  to  considerably  more  than  2300  volts,  thus  making  it 
more  hazardous  to  linemen  than  if  the  neutral  were  positively 
grounded.  HOMER  E.  NIESZ. 

No.  1^6. —  What  method  of  grounding  lightning  arresters  and 
transformer  secondaries  gives  the  best  ground  at  the  least  CQstI 

Lightning  arresters  and  transformer  secondaries  are 
grounded  in  Chicago  by  the  use  of  a  piece  of  one-inch  galvan- 
ized-iron  pipe,  16  feet  long,  driven  eight  feet  into  the  ground  at 
the  base  of  the  pole,  and  therefore  extending  eight  feet  above 
the  ground.  The  ground  wire  is  brought  down  the  pole  and 
securely  soldered  to  the  top  of  this  tube.  This  has  been  found 
to  give  a  ground  of  lower  resistance  than  a  copper  plate,  10 
inches  by  10  inches,  buried  six  feet  under  the  surface.  The 
galvanized-iron  pipe  is  much  cheaper  to  install,  and  installations 
that  have  been  in  service  for  four  years  are  found  to  be  in  as 
good  condition  as  when  installed,  no  considerable  corrosion  of 
the  pipe  having  taken  place.  The  soil  is  chiefly  sand  and 
gravel.  H.  B.  GEAR. 
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No.  I^J. —  What  is  the  ratio  of  transformer  capacity  to  connected 
load  for  (a)  residence  lighting,  and  (b)  business  lighting  ? 

Where  meters  are  used  and  block  system  of  secondary  dis- 
tribution, 50  per  cent  for  residence  lighting  and  75  per  cent  for 
business  lighting.  Where  fiat  rate  is  used  instead  of  meters, 
no  matter  what  system  of  distribution,  the  ratio  should  be  100 
per  cent  in  each  case.  L.  W.  BYERS 

Residence,  about  three  to  one.  Business  on  single  trans- 
formers, two  to  one.  F.  VAN  der  VOORT. 

Our  transformer  capacity  for  residence  lighting  is  about 
one-fourth  of  the  lamps  installed  and  for  business  lighting 
about  three-fourths.  F.  ELLWOOD  SMITH. 

Where  light  is  sold  on  the  meter  basis,  it  is  found  that  it  is 
sufficient  to  install  transformer  capacity  that  is  from  15  to  20 
per  cent  of  the  load  connected  The  ratio  is  somewhat  higher 
for  small  residences  and  apartments  than  for  large  residences. 
The  capacity  required  for  business  lighting,  where  there  are  a 
number  of  consumers  on  one  transformer,  is  about  80  per  cent 
of  the  connected  load.  If  alternating  arc  lamps  are  used  exten- 
sively, it  may  be  necessary  to  install  100  per  cent  or  more,  in 
order  to  provide  sufficient  current-carrying  capacity  for  the  lag- 
ging current  of  the  arc  lamps.  H.  B.  GEAR. 

We  have  established  a  ratio  of  40  per  cent  in  transformer 
capacity  to  connected  load  in  residence  lighting  and  90  to  100 
per  cent  in  business  sections. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO. 

A^o.  1^8. — ///  ivhat  7uay  can  a  test  be  made  for  finding  the  effi- 
ciency of  transformers  in  place?  How  can  such  transformers  be 
tested  for  aging  ?     Hon*  should  such  a  record  be  kept  ? 

A  practical  way  to  determine  the  efficiency  of  a  transformer 
in  place,  is  to  open  the  primary  and  apply  normal  secondary 
pressure  to  the  secondary  through  a  Weston  or  similar  watt- 
meter. This  will  give  the  core  loss.  To  get  the  copper  loss, 
short-circuit  the  secondary  through  a  Thomson  or  similar 
ammeter  having  the  proper  range.  Through  a  non-inductive 
adjustable  resistance  in  series  with  primary,  apply  current  from 
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an  auxiliary  transtormer  through  a  wattmeter  attached  to  the 
terminals  of  the  transformer  under  test,  adjusting  the  resistance 
until  the  ammeter  in  the  secondary  circuit  shows  full-load  cur- 
rent. The  wattmeter  in  the  primary  will  then  read  the  copper 
loss.  The  efficiency  is  the  ratio  of  the  full-load  output  to  the 
sum  of  such  load  plus  the  core  and  copper  losses.  If  there  is  no 
auxiliary  transformer  connected  near  the  point  of  test,  a  small 
one  must  be  taken  to  the  place.  Its  capacity  need  not  be  over 
five  per  cent  of  that  of  the  transformer  to  be  tested. 

1  he  aging  of  the  iron  of  the  core  is  best  noted  by  measur- 
ing the  core  loss  from  time  to  lime  by  ihe  method  given  above. 

HARRIS  J.  RYAN. 

Should  not  care  to  test  transformers  in  place.  A  test  of 
transformers  when  new,  or  when  a  month  or  so  old,  would  give 
the  aging.  Cannot  see  much  use  in  keeping  such  a  record  for 
individual  transformers. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

I  would  suggest  that  the  transformers  be  cut  loose  from 
both  primary  and  secondary  line,  and  by  use  of  small  trans- 
former and  wattmeter  the  test  can  be  made  by  connecting  the 
primaries  of  small  transformer  to  line  and  secondaries  of  line 
transformer  with  wattmeter  circuit.  The  core  losses  can  then 
be  read  from  the  wattmeter.  JAS.  E.  PYLE. 

To  determine  the  efficiency  of  a  transformer  it  is  necessary 
to  know  the  core  and  copper  losses.  Where  a  transformer  is 
already  installed  the  losses  can  be  measured  by  means  of  a 
portable  testing  outfit.  This  testing  outfit  should  consist  of  a 
step-down  transformer,  wattmeter,  voltmeter,  ammeter,  and 
resistance,  preferably  of  lamp  banks,  and  can  be  mouated  on  a 
suitable  board  and  transported  from  place  to  place  in  a  wagon. 

To  determine  the  efficiency  of  transformers  it  is  first  neces- 
,sary  to  determine  the  core  and  copper  losses,  which  constitute 
the  losses  of  the  transformer.  The  core  loss  or  iron  loss  is  the 
energy  used  up  in  maintaining  the  alternating  magnetism  in 
the  iron  core.  This  loss  consists  of  two  components,  the 
hysteresis  loss  and  the  eddy-current  loss.  For  practical  pur- 
poses it  is  not  necessary  to  separate  these  losses,  and  they  are 
generally  measured  and  kept  track  of  as  total  core  loss  only. 

To  determine  the  core  loss  it  is  necessary  to  disconnect  the 
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primary  fuses,  and  cut  out  all  load  on  the  secondary  lines. 
Fip^ure  i  shows  the  necessary  connections  for  this  test.  It  will  be 
noted  that  the  high-potential  side  of  the  transformer  is  open- 
circuited,  and  the  two  cables  or  conductors  from  the  instruments 
and  source  of  supply  are  connected  to  the  secondary  leads 
of  the  transformer.  It  is  assumed  that  the  frequency  of  the 
current  is  correct,  and  the  voltage  obtained  from  the  secondary 
of  the  step-down  transformer  should  be  equal  to  the  voltage  of 
the  secondary  circuit  of  the  transformer  to  be  tested.     In  case 
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this  voltage  is  too  high  it  can  be  cut  down  by  inserting  in  series 
a  resistance,  either  lamps  or  rheostat.  When  the  conditions  are 
correct,  and  the  instruments  are  connected  as  shown  in  Figure  i, 
readings  should  be  taken  on  the  voltmeter,  wattmeter  and  am- 
meter. The  ammeter  reading  should  be  taken  only  when  the 
potential  coils  of  the  wattmeter  and  the  voltmeter  arc  open,  in 
order  that  the  current  passing  through  these  two  coils  shall  not 
be  added  to  the  exciting  current  indicated  by  the  ammeter. 
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In  taking  the  reading  of  core  loss  in  watts  on  the  wait- 
meter,  if  the  voltmeter  is  connected  in  circuit  as  shown  the 
wattmeter  will  indicate  the  loss  in  the  voltmeter  and  in  the 
shunt  coil  of  the  wattmeter  in  addition  to  the  core  loss  of  the 
transformer,  and  these  should  be  subtracted  from  the  reading. 
If  the  reading  of  wattmeter  is  taken  with  the  voltmeter  open- 
circuited  it  will  not  be  necessary  to  make  any  correction  for  loss 
in  the  voltmeter,  but  the  correction  of  loss  in  the  wattmeter 

Volts* 

can  be  calculated   by  the  formula  :  =; — : z — -. rr 

Resistance   of    shunt   coil. 

After  making  these  corrections,  the  result  is  the  core  loss  of  the 
transformer  (see  Figure  i). 

In  measuring  the  copper  loss  (Figure  2)  the  secondary  leads 
or  cables  should  be  effectively  short-circuited  as  close  to  the 
transformer  as  possible,  and  the  conductors  from  the  testing 
outfit  should  be  connected  to  the  primary  cables  ;  care  being 
taken  that  all  joints  are  carefully  made  in  order  to  avoid  errors 
due  to  the  resistance  of  joints.  Current  should  then  be  allowed 
to  flow  through  the  primary  coil,  this  current  being  adjusted  by 
means  of  the  rheostat  and  lamp-bank  resistance  until  it  is  just 
equal  to  the  full-load  primary  current ;  the  reading  then  indi- 
cated by  the  wattmeter,  after  subtracting  the  losses  in  the  volt- 
meter and  in  the  shunt  coil  of  the  wattmeter,  as  in  the  previous 
case,  will  indicate  the  copper  loss  of  the  transformer.  This 
copper  loss  is  as  a  rule  somewhat  higher  than  the  calculated 
C*K,  due  to  the  eddy  currents  in  the  windings  of  the  trans- 
former. The  potential  indicated  by  the  voltmeter  shows  the  im- 
pedance voltage,  and  varies  from  three  per  cent  to  six  per  cent  of 
the  primary  voltage  of  the  transformer,  depending  on  the  design 
and  frequency  of  same.  For  example,  if  we  take  a  modern 
fivc-kw,  2000-volt  transformer,  it  will  be  found  that  from  65  to 
75  volts  will  be  required  to  force  two  and  a  half  amperes  through 
the  primary  at  60  cycles  with  the  secondary  short-circuited,  and 
by  obtaining  the  core  and  copper  losses,  the  fuU-lo.id  efficiency 
of  the  transformer  is  ascertained  as  follows  : 
Per  cent  efficiency  = 

Watts  output 
Watts  output  -f-  Core  loss  +  Co[)per  loss 

or 
'    Per  cent  efficiency  = 

Core  loss  +  Copper  loss 
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Watts  output  -f-  Core  loss  +  Copper  loss. 
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The  second  formula  is  a  much  more  accurate  way  of  calcu- 
lating the  efficiency,  especially  if  a  slide  rule  is  used  to  make 
the  calculations. 

To  calculate  partial-load  efficiencies,  ascertain  the  copper 
loss  for  that  load  and  proceed  as  above.  This  loss  varies  as  the 
square  of  the  load  ;  that  is,  at  half  load  the  copper  loss  is  only 
one  quarter  of  what  it  would  be  at  full  load,  and  at  one-quarter 
load  the  copper  loss  is  only  one-sixteenth  of  what  it  would  be 
at  full  load.     The  core  loss  is  constant  for  all  loads. 
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To  ascertain  the  amount  of  aging  in  a  transformer  it  is 
necessary  to  measure  the  core  loss  under  the  same  conditions  ; 
that  is,  the  frequency,  voltage  and  temperature,  at  different 
periods  of  time,  say  every  three  months,  or  at  longer  periods. 

It  is  important  that  the  correction  factor  of  the  instruments 
be  ascertained  whenever  the  core  losses  are  taken,  in  order  that 
'  ccurate  results  mav  be  obtained. 

Perhaps  the  most  convenient  method  of  keeping  track  of  the 
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core  loss  is  to  tabulate  the  results  on  a  card,  one  card  being  used 
for  each  transformer,  spaces  being  provided  for  the  readings  of 
the  frequency,  voltage,  core  loss,  temperature  and  the  instru- 
ments used,  with  their  correction  factors. 

EDWARD  A.  WAGNER. 

The  mere  test  for  aging  is  a  very  simple  matter.  It  con- 
sists simply  in  reading  at  fairly  long  intervals  of  time  the  energy 
consumed  by  the  unloaded  transformer,  by  means  of  an  indi- 
cating wattmeter  of  any  of  the  ordinary  types.  The  lamps  must 
be  disconnected  from  the  transformer,  the  shunt  coil  of  the 
wattmeter  connected  to  the  supply  mains,  and  the  series  coil 
inserted  in  one  of  the  leads  to  the  transformer.  The  only 
difficulty  is  in  making  the  connections.  Of  course  if  the  trans- 
former is  in  a  suitable  place  and  has  suitable  current  available, 
the  test  may  be  made  on  the  low-tension  side  equally  as  well  as 
on  the  high.  JOHN  F.  KELLY. 

In  cases  where  two  or  more  transformers  are  permanently 
connected  to  the  same  secondary  circuit,  or  may  be  temporarily 
connected,  the  core  loss  of  any  one  transformer  may  be  readily 
obtained  by  opening  the  primary  circuit,  by  removing  the 
primary  fuse  of  the  transformer  and  inserting  a  wattmeter 
between  the  seccmdary  of  the  transformer  and  the  secondary 
distribution  circuit.  FREDERICK  BEDELL. 

No.  i^g, —  What  is  the  best  method  of  locating  fuse  blocks  on  a 
primary  distributing  system  ? 

Fuse  boxes  or  switch  cut-outs  about  every  looo  feet  to  sec- 
tion line.  Branch  cut-outs  on  every  branch,  to  facilitate  finding 
grounds  and  short-circuits.  F.  VAN  der  VOORT. 

No,  I  do, —  What  for  fn  of  primary  fuse  is  found  to  give  the  best 
results  ? 

Cartridge  fuses.  EDITOR. 

We  have  secured  the  best  possible  results  from  a  convenient, 
well-made,  open  fuse  block,  supplying  the  same  with  asbestos- 
covered  fuse.  An  asbestos-covered  fuse  may  be  quickly  secured 
by  slipping  asbestos  tubing  over  the  fuse. 

YOUNGSTOWN  CONSOL.  GAS  AND  ELEC.  CO 
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had  not  shown  at  the  station. for  some  minutes  past.  The  usual 
tests  located  the  ground  at  a  service  hole  some  feet  down  the 
street.  Had  this  cable  been  solidly  connected  at  intersec- 
tions, there  is  no  doubt  that  considerable  trouble  would  have 
resulted.  J.  N.  ELEY. 

No.  i66. — Have  you  had  any  trouble  with  oil  switches  failing  to 
open  circuits  in  case  of  trouble  due  to  short-circuits  or  other  causes  f 

« 

(Note. — Questions  166,  167,  168  and  169  refer  to  circuits 
operating  at  6000  volts  or  more  from  stations  having  several 
thousand  kilowatt  capacity  in  generators.) 

Oil  switches  have  invariably  opened  short-circuits  satisfac- 
torily. H.  G.  STOTT. 

No. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  j6j. — Have  you  had  any  burnouts  on  high-tension  transmis- 
sion cables^  and  if  so^  hotv  were  they  caused  and  how  much  damage  7vas 
done  ? 

Yes ;  caused  by  bad  joints.  Very  little  damage  done. 
Never  more  than  two  feet  of  cable  destroyed. 

'         H.  G.  STOTT. 

We  have  had  a  number  of  burnouts.  It  is  practically 
impossible  to  say  how  they  were  caused.  We  have  had  one  or 
two  manholes  completely  burned  out,  but  this  is  the  exception  ; 
it  is  usually  limited  to  two  or  more  adjacent  cables. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No  168. —  What  method  do  you  use  for  protecting  high-tension 
cables  from  manhole  fires  ? 

Wrap  cables  with,  two  layers  of  one-fourth-inch  asbestos 
sheet.  Lead  sheaths  of  cables  are  practically  insulated  all 
over.  H.  G.  STOTT. 

We  build  manholes  with  individual  shelves  for  separate 
cables. 

THE  EDISON  ELEC.  ILLG  CO.  OF  BOSTON. 
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No,  i6p. — Have  you  had  any  trouble  caused  by  stray  currents 
flowing  on  the  lead  sheath  of  transmission  cables^  and  do  you  use  any 
method  for  breaking  the  continuity  of  the  lead  sheaths  on  these  cables  f 

We  do  break  the  lead  sheath. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

JVo.  lyo. —  IVhat  should  be  the  per  cent  drop  in  voltage  on  a  ruell- 
equipped  alternating-current  line  between  station  and  centre  of 
distribution  f 

Two  per  cent.  H.  G.  STOTT. 

The  drop  in  voltage  on  alternating-current  lines  between 
the  station  and  the  centre  of  distribution  should  not  exceed  the 
voltage  range  of  the  generator,  which  is  usually  lo  per  cent. 
Where  spare  generating  capacity  is  of  value,  the  per  cent  loss 
should  be  such  that  the  sum  of  fixed  charges  on  the  investment 
and  the  value  of  line  losses  will  be  a  minimum.  In  the  majority 
of  plants  this  will  result  in  feeder  losses,  varying  from  four  to 
lo  per  cent,  according  to  the  length  of  the  feeders. 

H.  B.  GEAR. 

Not  over  five  per  cent. 

THE  EDISON  ELEC.  ILL'G  Co!  OF  BOSTON. 

No.  lyi. —  IV hat  is  the  best  way  of  testing  meters  on  the  con- 
sumer's premises  ? 

Cut  consumer's  lighting  around  meter,  using  a  bank  of 
lamps  for  testing  load.  For  direct-current  use  ammeter,  volt- 
meter and  stop-watch.  For  alternating  current  use  voltmeter^ 
indicating  wattmeter  and  stop-watch.  L.  W.  BYERS. 

I  he  ordinary  process  of  testing  a  recording  watt-hour  meter 
with  an  ammeter,  voltmeter,  stop-watch' and  slide-rule,  has  be- 
come so  familiar  to  persons  thus  occupied  that  a  great  many  do 
not  properly  realize  how  roundabout  the  method  really  is. 

In  order  to  bring  out  the  above,  let  it  be  supposed,  for 
example,  that  it  were  required  to  check,  commercially,  10,000 
ordinary  indicating  voltmeters.  It  is  easily  appreciated  that 
the  only  practical  method  would  be  to  use  a  standard  indicating 
voltmeter.  Instead  of  doing  this,  however,  the  above  10,000 
voltmeters  could  b^  checked  by  using  four  separate  instruments, 
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namely,  a  recording  waii-hour  meter,  an  ammeter,  a  stop-watch, 
and  a  slide-rule.  The  operation  of  finding  the  per-cent  error  of 
each  of  the  lo.ooo  voltmeters  would  then  be  as  follows  :  The 
recording  watt-hour  meter  would  first  be  limed  with  the  stop- 
watch for  a  certain  number  of  revolutions  and  the  number  of 
waits  being  used  would  be  calculated  by  the  slide-rule.  These 
watts  divided  by  the  amperes  would  give  the  correct  volts, 
and  this,  in  turn,  divided  into  the  reading  of  the  voltmeter  that 
is  being  checked,  would  give  the  per  cent  accuracy  of  the  volt- 
meter. Such  a  method  of  checkinga  voltmeter  would  of  course 
be  absurdly  roundabout  and  laborious,  but  not  a  particle  more 
so  than  [he  ammeter-voltmeter-stop-watch-slide-rule  method  of 
testing  recording  wattmeters. 

The  gist  of  the  foregoing  is  that  where  a  large  number  of 
instruments  are  to  be  checked,  the  standard  with  which  they  are 
to  be  compared  should  be  one  instrument,  and  should  read  in 
units  similar  to  those  of  the  instrument  being  tested.  The  best 
way  to  test  a  large  number  of  recording  watt-hour  meters,  there- 
fore, would  be  to  use  a  standard  watt-hour  meter. 

However,  accurate  results  can  not  be  obtained  by  simply 
taking  an  ordinary  watt-hour  me 
for  the  reason  that  all  watt-hour 
the  commutator  type— are  notori 
on  light  loads.  If,  however,  instead  of  ( 
hour  meters,  ranging  in  capacity  from  one  to  150  amperes,  were 
used,  it  is  evident  that  the  toad  to  be  measured  could  always  be 
connected  to  a  lest  meter  of  approximately  the  same  capacity  ; 
in  other  words,  none  of  the  test  meters  need  be  run  at  the 
inaccurate  portion  of  their  scale,  namely,  light  load.  1  his.  sup- 
posing that  two  voltages  were  used  on  the  system,  would  per- 
haps necessitate  the  use  of  eight  test  meters. 

Although  the  above  scheme  would  insure  accuracy,  because 
each  test  meter  would  only  be  used  at  approximately  full  load, 
and  although  a  saving  of  numerical  labor  would  be  effected 
by  using  standards  reading  directly  in  watt-hours,  it  would 
obviously  be  impracticable,  owing  to  the  large  variety  of  test 
meters  necessary  lo  be  carried. 

The  writer,  engineer  of  the  meter  department  of  the 
Brooklyn  Edison  Company,  has  developed  a  system  of  testing 
meters  on  the  consumer's  premises,  using  a  single  portable 
watt-hour  meter.  This  instrument,  although  no  larger  or 
heavier   than  an   ordinary  watt-hour  meter,  accomplishes  the 
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same  results  that  would  be  obtained  by  the  aforesaid  eight 
separate  meters.  This  condensation  of  eight  meters  into  one  is 
accomplished  principally  by  winding  the  field  coils  in  several 
sections  of  different  carrying  capacities.  By  changing  the 
position  of  the  connecting  plug,  and  thus  shifting  the  current 
from  one  field  winding  to  another,  the  capacity  of  the  instru- 
ment is  made  one,  two,  ten  amperes,  etc.,  depending  on  the 
load  to  be  measured.  By  changing  the  position  of  another 
connecting  plug,  the  armature  circuit  is  adapted  to  115,  230 
volts,  etc.  The  per  cent  fast  or  slow  of  the  meter  being  tested 
is  read  instantly  and  without  any  numerical  labor,  by  means  of 
a  revolving  pointer  and  a  circular  scale  divided  into  100  equal 
parts.  The  accuracy  and  quickness  secured  by  the  use  of  this 
instrument  are  such  that  it  has  been  adopted  by  the  Brooklyn, 
New  York,  and  other  large  electric-lighting  companies. 

Owing  to  the  fact  that  most  companies  prefer  to  build  the 
instrument  themselves,  using  meter  parts  that  they  carry  in 
stock  and  possibly  making  slight  changes  to  meet  local  con- 
ditions, the  instrument  is  not  on  the  market,  but  sufficient 
specifications,  drawings,  etc.,  to  enable  it  to  be  built  in  any 
company's  machine  or  meter  shop  can  be  obtained  from  the 
writer.  A  more  detailed  description  of  the  scheme  appeared  in 
the  Electrical  World  and  Engineer  of  March  21,  1903. 

W.  J.  MOWBRAY. 

No.  IJ2. —  ]Vhat  degree  of  accuracy  at  five  per  cent  of  full  load 
is  it  practically  possible  to  maintain  on  wattmeters  of  the  commutator 
type  ? 

In  1900,  some  meters  that  had  received  only  nominal  in- 
spection showed  the  following  average  efficiencies. 

299  meters,  78.9  per  cent  on  5-per-cent  load 
158       **         75.9         "  5 

Some  of  the  following  had  been  regularly  tested  : 

585  meters,  80  per  cent  on  5-per-cent  load 
Some  of  the  results  of  this  year's  regular  inspections  showed  : 
514  meters,  91.8  per  cent  on  lo-per-cent  load 
1254       '*         90.8         "  10         ** 

GEO.  ROSS  GREEN. 

From  a  record  of  the  annual  tests  that  I  made  while  serving 
as  meter  engineer   on  a  system    in    which   there   were  over  2000 
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commutator  meters  in  service,  I  found  that  the  average  percent- 
age of  error  on  full  load  was  two  and  one-half  per  cent ;  this  error 
being  almost  always  fast.  This  does  not  include  meters  that  were 
damaged  or  otherwise  out  of  order,  such,  for  example,  as  having 
an  open  armature  coil.  Of  the  entire  number  of  meters  in  ser- 
vice about  three  percent  were  annually  found  to  be  in  this  latter 
condition,  and  running  about  20  per  cent  slow. 

JOSEPH  SHOWALTER. 

* 

At  five-per-cent  load  we  find  an  average  error  of  about  10 
per  cent  on  small-capacity  meters,  and  about  five  to  seven  per 
cent  on  large-capacity  meters. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

We  can  maintain  80  to  85  per  cent  on  meters  up  to  50  lights, 
and  on  from  5o-]ight  to  loo-light  meters  we  get  85  to  90-per-cent 
accuracy  at  fiv^  per  cent  of  full  load. 

FRED.  B.  HUBBELL. 

We  should  say  that  the  degree  of  accuracy  of  wattmeter  at 
full  load  should  be  very  good  if  meters  are  properly  looked  after 
and  cleaned  and  rejeweled  as  often  as  circumstances  seem  to 
require  it.  We  think  each  station  manager  should  make  his 
own  rules  governing  the  cleaning  of  wattmeters.  It  has  been 
our  experience  that  meters  in  some  installations  require  cleaning 
and  inspecting  oftener  than  others.  We  know  no  rule  that  will 
suit  in  all  cases,  but  firmly  believe  that  the  degree  of  accuracy 
on  all  light  loads  depends  largely  upon  the  care  given  the 
meter.  IAS.  E.  PYLE. 

1  believe  that  the  accuracy  at  fi\^  per  cent  of  full  load, 
which  it  is  desired  to  maintain  in  a  wattmeter  of  brush-type, 
depends  on  whether  or  not  the  meter  is  fined  with  an  adjustable 
shunt  and  upon  the  fretjuency  of  meter  testing.  It  has  been  my 
personal  experience  with  a  large  number  of  brush-type  meters 
that  were  not  fitted  with  an  adjustable  shunt,  that  at  five  per 
cent  of  full  load  the  average  error  at  the  time  of  making  the 
annual  test  was  about  25  per  cent  slow.  I  have  no  doubt 
that  this  error  could  be  very  much  decreased  if  the  adjustable 
shunt  were  used. 

These  meters  were  invariably  adjusted  to  run  correct  within 
three    per   cent.     I    have    never    made    any    extensive    tests    on 
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reached,  but  I  am  of  the  opinion  that  a  change  is  much  more 
rapid  during  the  first  three  months  than  afterwards. 

P.  A.  BERTRAND. 

Within  20  per  cent.  Meters  should  be  inspected  every  three 
months.  GEORGE  L.  COLGATE. 

No.  I J  J. —  What  is  the  maintenance  cost  per  kw-hour  of  the  differ- 
ent types  of  Nernst  lamps  ? 

With  reference  to  the  maintenance  of  the  lamps,  would  say 
.that  they  give  us  very  little  trouble  ;  perhaps  less  trouble  than 
we  experienced  with  our  arc  lights  that  are  used  for  illuminating 
various  parts  of  our  works.  A.  C.  EASTWOOD. 

We  have  no  means  of  determining  this  point  accurately. 
Whatever  faults  there  are  in  the  lamps  in  our  service  are  due 
to  the  current  furnished  by  the  local  station.  The  voltage  is 
higher  in  the  morning  than  after  five  o'clock,  and  in  using  the 
lamps  continuously  the  glowers  burn  out  much  quicker  than 
they  do  in  evening  work  only,  proving  conclusively  that  the 
voltage  is  too  high.  We  have  considered  changing  glowers,  but 
feel  that  it  would  reduce  the  efficiency,  and  we  prefer  the  extra 
cost.  GOES  WRENCH  CO. 

Almost  all  of  our  Nernst  lamps  are  installed  together  with 
incandescent  lighting  on  the  same  meter,  only  three  customers 
having  unmixed  Nernst  lighting.  It  is  from  these  that  we 
make  our  calculations  of  cost,  which  is  very  close  to  one-half 
cent  per  kw-hour  for  glower  renewals  and  about  a  quarter 
of  a  cent  per  kw-hour  for  maintainance.  We  are  satisfied 
that  these  figures  are  liberal.  E.  F.  PHILLIPS. 

No.  IJ4. —  What  is  the  ratio  of  burnouts  in  a  Nernst  lamp 
between  the  ballasts  and  glowers  of  the  lamp  ? 

The  ratio  of  burnouts  between  ballast  and  glowers  is  one 
ballast  to  one  hundred  and  six  glowers. 

JOHN  C.  SCHIESS. 

In  a  test  lasting  several  weeks  we  found  that  we  replaced 
^WG  ballasts  to  one  hundred  and  thirty-three  glowers,  or  about 
one  to  twenty-seven.  CHAS.  A.  DAVIES.   • 
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With  the  six-glower  lamps  the  ratio  has  been  seventeen 
heaters  to  three  ballasts,  and  with  three-glower  lamps  two 
heaters  to  three  ballasts.  We  do  not  consider  that  we  have  had 
the  lamps  in  operation  long  enough  to  make  this  ratio  of  any 
value.  INTERNATIONAL  HARVESTER  CO. 

We  have  had  so  few  burnouts  of  ballasts  in  actual  operation 
that  the  ratio  is  necessarily  very  small.  In  some  of  the  first 
lamps  we  received,  provision  was  not  made  in  the  lead  wires  to 
allow  us  to  fasten  the  glowers  in  properly  and  in  some  cases  the 
glowers  got  together,  thereby  throwing  an  extra  strain  upon  the 
ballasts  and  burning  them  out.  Since  this  difficulty  was 
remedied  we  have  had  but  very  few  burnouts  ;  in  fact,  we  have 
not  lost  a  ballast  in  five  or  six  months. 

E.  F.  PHILLIPS. 

We  have  burnt  out  only  one  ballast  since  the  lamps  were 
installed.     Should  say  that  the  ratio  was  about  one  per  cent. 

GOES  WRENCH  CO. 

Insignificant.  C.  W.  RICE. 

No.  775. —  What  results^  as  compared  with  arc  lights^  has  the 
Nernst  lamp  given  for  street  lighting  ? 

We  believe  the  Nernst  lamp  for  street  lighting  in  country 
towns  is  much  more  satisfactory  than  the  inclosed-arc  lamp,  for 
it  gives  frequent  units  where  they  are  wanted — underneath 
trees,  etc. — while  on  account  of  these  trees  an  arc  lamp  would 
not  have  a  chance  to  cover  the  ground  that  it  should  cover. 

THE  UNION  ELEC.  LT.  AND  PR.  CO. 

We  consider  that  we  get  about  the  same  illumination  from 
a  six-glower  lamp  as  we  do  from  an  inclosed-arc  lamp  with 
about  the  same  wattage,  and,  of  course,  a  far  better  power 
factor.  INTERNATIONAL  HARVESTER  CO. 

Favorable.  C.  W.  RICE. 

No.  I J  6. — Do  Nernst  lamps  prove  troublesome  in  their  operation  T 

On  the  whole,  Nernst  lamps  do  not  prove  troublesome  in 
their  operation.         THE  UNION  ELEC.  LT.  AND  PR.  CO. 
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We  have  found  Nernst  lamps  much  more  troublesome  than 
incandescent  lights  or  inclosed-arc  lamps. 

VV.  C.  ANDERSON. 

We  have  some  275  Nernst  lamps,  .ranging  from  one  to  six 
glowers  each,  and  they  never  fail  to  light  except  in  rare  cases 
and  then  only  on  account  of  loose  connections,  burnouts,  or  a 
glower  being  too  far  away  from  the  heaters. 

CHAS.  A.  DAVIES. 

From  some  rough  experiments  that  we  have  conducted,  we 
consider  that  to  give  the  same  illumination  with  incandescent 
lamps  would  require  an  increased  current  consumption  of  93 
per  cent.  For  instance,  in  one  section  of  our  machine  depart- 
ment which  is  lighted  by  eight  three-glower  Nernst  and  four- 
teen 16-cp  incandescent  lamps,  we  should  have  to  use,  to  get  the 
same  illumination  with  the  same  distribution,  ninety-four  16-cp 
incandescent  lights.     The  relative  wattage  is  : 

8  3-glower  Nernst  lamps  at  278  watts  . .    2224  watts 
14  16-cp  incandescent  lamps  at  64  watts.     896      " 


Total 3120 

94  16-cp  incandescent  lamps  at  64  watts.   6016  watts 

Difference 2896 

or  93  per  cent.  If  we  had  lighted  this  section  of  the  shop  with 
incandescent  lights,  however,  we  should  not  have  installed 
ninety-four  lights,  but  only  fifty-three,  distributed  in  the  follow- 
ing manner:  Eight  three-light  clusters  for  general  illumination 
and  twenty-nine  lights  placed  as  needed  at  the  various  machines. 
This  would  make  our  relative  watt  consumption 

8  3-glower  Nernst  lamps  at  278  watts. .    2224  watts 
14  16-cp  incandescent  lamps  at  64  watts.     896      " 

Total 3*20 

53  incandescent  lamps  at  64  watts 3392  watts 

Difference 272 

or  8.7  per  cent. 

This  lighting  by  fifty-three  incandescent  lamps  would  give 
us  an    illumination  on  a  par  with   that  of  our  shops  that  are 


173 

lighted  entirely  by  incandescent  lamps,  but  would  not  give  us 
what  we  should  call  a  well-lighted  shop. 

To  determine  the  number  of  incandescent  lamps  necessary 
to  give  the  same  illumination  as  a  Nernst  lamp,  we  hung  a  cluster 
as  close  as  possible  to  and  on  a  level  with  a  Nernst  lamp.  Be- 
tween the  two  sources  of  light,  and  extending  from  floor  to  ceil- 
ing, we  hung  a  piece  of  roof  paper  three  feet  wide  and  varied  the 
number  of  lamps  in  the  cluster  until  we  got  the  same  deijree  of 
illumination  (as  judged  by  the  eye)  at  a  distance  of  15  feet  on 
each  side  of  the  screen.  We*chose  to  get  this  distance  from  the 
lamps,  as  the  distribution  of  light  is  very  different  and  it  seemed 
that  at  this  distance  the  conditions  were  nearer  uniform. 

We  find  the  Nernst  lamp  to  be  very  good  for  general  light- 
ing and  for  general  work,  but  rather  difficult  to  use  to  its  full 
advantage  for  fine  distribution  about  machine  tools,  for  which 
work  the  incandescent  lamp  is  best  fitted,  as  it  can  be  brought 
close  up  to  the  edge  or  point  of  the  tool.  Nevertheless,  for  the 
same  consumption  of  power  we  do  get  a  much  better  lighted 
shop  in  quantity  and  quality  by  using  a  combination  system  of 
Nernst  and  incandescent  lightinjs:. 

INTERNATIONAL  HARVESTER  CO. 

No  trouble  whatever.  GOES  WRENCH  CO. 

We  have  had  little  or  no  trouble  in  operation. 

E.  F.  PHILLIPS. 

No.  C.  W.  RICE. 

No.  777. — As  Nernst  lamps  consume  much  less  current  than  other 
lamps  in  proportion  to  illumination^  how  is  the^  customer  charged  for 
this  service  ? 

Our  use  of  the  Nernst  lamp  is  confined  almost  exclusively 
to  street  lighting,  and  in  this  case  we  charge  a  certain  sum  per 
lamp  per  year,  endeavoring  to  strike  a  fair  price,  taking  into 
consideration  the  candle-power  furnished  and  the  wattage  con- 
sumpiion  of  the  lamp.  In  the  one  store  in  which  we  have  these 
lamps  in  use  for  commercial  lighting,  we  meter  the  current  the 
same  as  on  any  incandescent  circuit. 

THE  UNION  ELEC.  LT.  AND  PR.  CO. 
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Where  the  company  furnishes  the  Nernst  lamps  they  are  on 
contract,  and  on  meter  where  the  consumer  purchases  them. 

W.  C.  ANDERSON. 

Customer  is  charged  at  the  same  rate  as  for  incandescent 
lighting,  on  the  same  principle  that  a  gas  customer  is  charged 
no  more  per  looo  feet  for  his  gas  when  he  uses  a  Welsbach 
burner.  C.  W.  RICE. 

We  sell  all  our  current  by  meter,  with'  a  base  rate  of  i6 
cents  per  unit.  For  Nernst  lamps  we  require  customers  to  pay 
a  minimum  of  $i.6o  per  month,  which  is  at  the  rate  of  i6  cents 
per  unit  for  the  first  ten  units  per  month  for  each  three-glower 
lamp  installed,  which  covers  one  and  one-third  hours'  lighting 
per  day  ;  all  other  units  sold  at  five  cents  per  unit.  Compared 
with  the  above,  other  classes  of  lighting  carry  a  minimum 
charge  equal  to  one  hour  pei^day.  E.  F.  PHILLIPS. 

No,  Ij8, — Are  Nernst  lamps  furnished  by  the  lighting  company^ 
or  do  the  customer s^  in  the  majority  of  cases^  furnish  their  own  lamps  f 

The  company  furnishes  the  Nernst  lamps  for  street  lighting, 
but  expects  consumers  to  furnish  their  own  lamps  for  com- 
mercial lighting,  the  company  furnishing  the  renewals  free.  Of 
course,  if  the  company  had  contracts  for  lighting  large  stores, 
or  similar  places,  at  a  flat  rate  per  year,  it  would  probably  be 
to  the  company's  interest  to  furnish  Nernst  lamps,  on  account 
of  the  saving  in  wattage  consumption. 

THE  UNION  ELEC.  LT.  AND  PR.  CO. 

We  have  not  found  any  one  willing  to  pay  for  Nernst  lamps 
for  private-house  use,  and  there  is  no  other  field  in  the  territory 
covered  by  our  alternating-current  lines,  so  their  use  with  us 
has  been  restricted  to  one  store  ;  in  this  case  the  company  has 
furnished  lamps.  W.  C.  ANDERSON. 

Both.  C.  W.  RICE. 

We  buy  our  own  lamps.  We  understand  that  the  lighting 
company  has  supplied  lamps  for  some  firms,  but  do  not  know 
that  it  has  supplied  Nernst  lamps.         COES  WRENCH  CO. 
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In  consideration  of  the  minimum  charge  noted  under 
Question  No.  177,  the  company  furnishes  and  maintains  the 
Nernst  lamps,  but  nothing  smaller  than  a  three-glower  lamp. 

E.  F.  PHILLIPS. 

No,  lyg. — Has  any  one  put  Nernst  lamps  to  a  commercial  use  f 

At  present  we  have  these  lamps  used  commercially  in  but 
one  place,  where  we  understand  they  are  very  much  liked. 

THE  UNION  ELEC.  LT.  AND  PR.  CO. 

We  have  several  Nernst  lamps  burning  on  meters,  in  stores. 
We  have  had  these  lamps  in  for  about  six  months,  and  they  give 
us  very  little  trouble.  We  have  had  four  glowers  to  break  and 
one  ballast  burn  out  in  that  time.  We  think,  however,  that  the 
burning-out  of  the  glower  was  more  our  fault  than  the  fault  of 
the  glower,  from  the  fact  that  the  glowers  were  placed  too  close 
to  the  heater.  A.  M.  JONES. 

There  are  hundreds  of  installations  of  Nernst  lamps  in 
commercial  use.  C.  W.  RICE. 

.   We  have  no  three-glower  lamps  in  service  for  commercial 
use.  E.  F.  PHILLIPS. 

We  have  used  the  lamp  in  offices,  over  pattern  benches,  and 
in  all  places  where  light  is  an  absolute  essential.  Men  working 
on  patterns  made  of  brass  for  foundry  work  claim  that  they  can 
do  better  work  with  one  Nernst  lamp  than  with  three  i6-cp 
incandescents,  because  the  light  is  white,  steady,  and  at  the 
same  time  not  glaring,  enabling  them  to  work  to  a  line  and 
small  dimensions  if  necessary.    We  use  the  ground-glass  globes. 

COES  WRENCH  CO. 

We  now  have  in  service  Nernst  lamps  aggregating  200 
glowers  in  single,  three-glower  and  six-glower  lamps,  and  arc 
greatly  pleased  with  the  quantity  of  illumination  secured.  They 
are  at  present  used  throughout  the  drafting-room  and  office  and 
they  illuminate  the  pattern  shop.  A.  C.  EASTWOOD. 

No,  I  So. — Are  Nernst  lamps  as  efficient  on  watts  consumed  as 
claimed  by  manufacturers  ?  * 

Our  experience  has  been  that  the  Nernst  lamps  are  fully  as 
efficient  on  watts  consumed  as  claimed  by  the  manufacturer,  we 
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having  had  a  wattmeter  on  a  circuit  which  registered  an  aver- 
age consumption  of  85  watts  per  glower. 

THE  UxNiION  ELEC.  LT.  AND  PR.  CO. 

We  believe  they  are. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

On  recent  tests  of  short  duration  we  obtained  the  following 
results  : 

Test  No.  I 

Total  number  of  glowers  burning  (being 
a  number  of  i,  2.  3  and  6-glower  lamps)  269 

Kilowatts  consumed 20.5 

2500  divided  by  269  equals 76.2  watts  per  glower 

76.2  divided  by  225  volts  equals .33  amperes  per  glower 

The  manufacturers  give  the  consumption  of  energy  as  88  watts  at  .4  ampere. 

Test  No.  2 

Number  of  glowers  burning 153 

Kilowatts  consumed 12.75 

12  750  divided  by  153  equals 83.3  watts  per  glower 

83.3  divided  by  230  volts  equals .362  amperes  per  glower 

Test  No.  3 

Number  of  glowers  burning 80 

Kilowatts  consumed 7 

7000  divided  by  bo  ecjuais 87.5  watts  per  glower 

S7.5  divided  by  230  equals .38  amperes  per  glower 

In  test  No.  3  about  one-half  the  lamps  in  use  were  of  the 
one-glower  type,  while  in  tests  Nos.  i  and  2  the  majority  were 
of  the  two,  three  and  six-glower  type. 

CHAS.  A.  DAVIES. 

We  have  made  a  test  of  the  watt  consumption,  finding  that 
it  averages  about  85  watts  per  glower  on  our  street  circuits. 

CHARLES  G.  BILL. 

I'^om  tests  I  have  made  on  three-glower  lamps  fitted  with 
23J-V0I1  glowers,  1  find  the  watt  consumption  to  be  278  instead 
of  264,  as  ^iven  in  the  Nernst  Lamp  Company's  catalogue 
No.  2.  These  lamps  have  been  in  service  about  three  months. 
1   have  not   been  able  to  make  tests  on  the  other  sizes  of  lamp. 

INTKRNATIONAL    HARVESTER  CO. 
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All  our  tests  show  an  efficiency  of  .4  ampere  per  glower,  or 
86.4  to  88  watts  per  glower,  which  we  believe  is  the  efficiency 
claimed  by  the  manufacturers.  E.  F.  PHILLIPS. 

Yes.  C.  W.  RICE. 

No.  181. —  What  is  the  average  life  of  Nernst-lamp  glowers  on 
good  regulation^  from  practical  experience  ? 

Our  average  life  of  glowers  has  been  a  trifle  over  800  hours, 
running  from  800  to  810  at  different  times. 

THE  UNION  ELEC.  LT.  AND  PR.  CO. 

Our  experience,  covering  35  Nernst  lamps,  is  that  their  life 
on  125  cycles  and  210  volts  with  good  regulation,  for  alternating- 
current  work,  will  average  about  400  hours. 

W.  C.  ANDERSON. 

The  average  life  of  the  glowers  is  holding  well  up  to  the 
809  hours  that  we  secured  on  the  first  year's  work. 

CHAS.  G.  BILL. 

Our  observations  show  an  average  life  of  about  650  hours. 

E.  F.  PHILLIPS. 

The  average  life  of  glowers  with  us  is  about  200  hours. 
The  shortness  of  life  is  due  to  the  variation  in  voltage  of  cur- 
rent furnished  by  the  local  station,  the  variation  in  actual  test 
being  from  100  to  108  volts.  We  have  seen  it  drop  to  96  for 
several  seconds,  and  have  had  our  lamps,  flare  to  112  volts. 
This  was  temporary  only,  but  suffi'cient  to  burn  out  delicate 
parts,  and  is  extremely  unsatisfactory  in  ordinary  service.  We 
have  endeavored  in  ordering  glowers  to  strike  an  average,  but 
we  are  using  glowers  for  104  volts  and  .8  ampere.  The  voltage 
at  meter  runs  from  107  to  103  volts.  We  prefer  to  renew 
glowers  rather  than  cut  down  the  efficiency  of  the  light. 

COES  WRENCH  CO. 

Eight  hundred  hours  on  60  cycles  and  220  volts. 

C.  W.  RICE. 

No.  1 82. —  What  globes  have  you  found  for  interior  arc  lighting 
that  are  more  decorative  than    the   plain  white  or  clear  glass,    and 
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within  reason  as  to  cost  and  weighty  while  not  absorbing  more  light 
than  an  opalescent  globed 

We  haven't  found  any. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No,  183. —  What  are  the  probable  future  relations  between  heat 
supply  and  light  and  power  in  both  residence  and  business  districts  f 

No.  184, —  What  percentage  of  loss  between  the  station  metered  out- 
put and  the  customer  s  metered  current  should  be  considered  good  results 
in  a  station  having  an  annual  output  of  800,000  kw-hours  ? 

The  percentage  of  loss  between  station  and  customer  de- 
pends on  the  system  used  and  the  character  of  the  installation. 

In  an  alternating-current  system  having  a  large  number  of 
small  transformers,  small  feeder  lines  and  poor  meters,  it  is 
frequently  as  high  as  60  per  cent.  Few  of  the  smaller  plants  I 
have  examined  show  better  results  than  40  to  50  per  cent  if  they 
operate  24  hours  per  day,  and  I  should  consider  anything  be- 
tween 30  and  40  per  cent  very  fair.  With  Edison  stations,  the 
loss  varies  from  about  15  to  35  per  cent.  In  a  station  showing 
as  low  a  loss  as  25  per  cent  in  its  constant-potential  system  there 
must  be  a  first-class  meter  department  and  low  copper  losses. 

I  think  a  much  larger  per  cent  of  this  loss  than  is  generally 
supposed  is  due  to  the  cohstant  loss  in  the  meter  potential  cir- 
cuit and  to  the  inefficiency  of  the  meter  on  light  loads.  This 
may  easily  amount  to  15  per  cent  or  more  of  the  entire  station 
output.  EDITOR. 

The  loss  between  station  and  consumers*  meters  depends 
largely  upon  the  load  factor  of  the  station.  This  is  even  more 
pronounced  in  an  alternating  current  station  than  in  a  direct- 
<;urrent  station.  The  questioner  has  not  given  sufficient  infor- 
mation to  enable  any  one  to  answer  intelligently.  Transformer 
core  loss  is  a  constant,  and  goes  on  24  hours  a  day.  You  will 
notice  that  in  this  station  the  output  is  800,000  kilowatts  per 
annum.  If  this  entire  load  were  uniformly  distributed  through- 
out the  8760  hours  in  a  year,  it  might  be  taken  care  of  by  a 
90-kw  generator  and  90-kw  capacity  in  transformers.  If  the 
station  is  an  alternating-current  station,  the  sales  probably  do 
not  amount  to  more  than  450,000  kilowatts  per  annum,  and  it 
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probably  requires  for  the  generation  of  this  current  500-kw 
capacity  in  ma'chines,  and  lines  are  probably  equipped  with  not 
less  than  900-kw  capacity  in  transformers.  Assuming  that  the 
sales  are  450,000  kilowatts  per  year,  if  this  were  a  steady  load 
throughout  the  8760  hours  in  a  year,  the  loss  would  be  so  greatly 
reduced  that  a  50-kw  generator  and  an  equivalent  capacity  in 
transformers  would  be  sufficient  for  the  company's  needs.  The 
point  I  am  trying  to  make  clear  is  that  the  loss  between  the 
station  meters  and  the  consumers*  meters  is  more  largely  due  to 
capacity  demanded  by  all  consumers  simultaneously  than  by 
the  output  of  the  station.  The  resistance  drop  on  the  lines  is 
largely  due  to  unequal  distribution  of  load  in  regard  to  time, 
while  transformer  core  loss  and  meter  shunt  loss  are  a  factor  of 
time  and  capacity  only,  and  bear  no  relation  whatever  to  the 
sales  of  current.  C.  W.  HUMPHREY. 

No.  20 r, —  Would  it  not  be  advisable  to  establish  a  standard  system 
of  reports  for  the  operation  of  electric  plants  ?  In  order  to  accom- 
plish thiSy  each  member  should  submit  a  sample  of  his  reports ^  and  the 
whole  should  be  submitted  to  a  committee  to  suggest  a  standard  form. 

I  do  not  believe  that  a  standard  system  of  reports  could  be 
devised  that  could  be  used  with  good  results  in  all  plants. 
Local  conditions  must  influence  the  style  of  the  report.  Sam- 
ple reports  from  a  number  of  stations  would  be  of  assistance  in 
drawing  up  new  forms,  but  each  station  should  have  its  own 
forms.  F.  ELLWOOD  SMITH. 

Yes.  W.  S.  BARSTOW. 

A  collection  of  operating  reports  would  be  valuable,  and  by 
this  is  meant  operating  and  technical  reports  rather  than  finan- 
cial. Whether  this  would  lead  to  the  adoption  of  a  standard 
form  it  is  difficult  to  say  in  advance,  as  local  conditions  must, 
to  a  great  extent,  determine  the  forms. 

H.  M.  E.,  N.  Y.  ED.  CO. 

No.  202. —  IVhich  has  been  found  most  satisfactory  in  small 
towns— meter  or  flat  rates ^  or  a  combination  of  the  two  7 

We  have  found  meter  rates  much  more  satisfactory  ihan 
flat  rates,  except  for  commercial  lighting,  where  the  circuit  is 
cut  out  at  a  certain  time  each  night.  E.  E.  LARRABEE. 
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To  me  it  seems  that  flat  rates  are  not  desirable  either  in  a 
small  town  or  a  large  town,  unless,  perhaps,  where  the  pFant  is 
operated  by  water-power.  F.  ELLWOOD  SMITH. 

Meter  rates  are  most  satisfactory.  A.  O.  FRETZ. 

We  have  wired  up  in  this  place  nearl)'  3000  incandescent 
lamps,  i6-cp  basis.  We  found  it  necessary  either  to  install 
meters  or  increase  our  capacity,  and  our  revenue  did  not  seem 
to  warrant  the  latter.  By  putting  about  50  per  cent  of  our  cus- 
tomers on  meters,  selecting  those  of  large  installation,  particu- 
larly in  residences,  we  now  find  that  we  have  plenty  of  capacity, 
with  our  revenue  slightly  increased.  We  consider  it  advisable 
to  put  all  customers  on  meters.  S.  S.  INGMAN. 

Whatever  else  is  done,  avoid  flat  rates.  Some  system  along 
the  lines  of  the  Doherty  and  Foresee  systems  seems  to  the 
writer  the  most  rational  and  equitable  system  of  charging. 

ALEX.  J.  CAMPBELL. 

We  find  a  combination  rate  best ;  flat  rate  for  a  certain 
number  of  lights  always  in  use,  and  meters  where  customers 
want  to  use  more  or  less.  C.  P.  WELLES. 

For  a  small  town,  or,  in  fact,  for  any  town  in  which  the 
motive  power  of  the  electric  plant  is  steam,  it  would  seem  as  if 
meter  rates  were  an  absolute  necessity  ;  applied  in  either  the 
Doherty  or  some  other  form  based  upon  the  maximum  demand 
of  each  consumer,  ihey  should  leave  very  little  to  be  desired. 
For  a  water-driven  plant  the  question  is  more  open,  but  in  a 
general  way  experience  would  indicate  that  it  is  better,  when 
possible,  to  supply  all  by  meter  or  all  by  flat  rate.  The  flat 
rates,  however,  should  be  controlled  by  some  maximum-demand 
instrument.  An  open,  uncontrolled  *  flat-rate  is  undesirable 
under  any  circumstances,  being  open  to  so  much  abuse,  the 
temptation  to  take  advantage  of  it  being  too  strong  for  many 
people.  THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

The  meter  plan  is  the  best.  Flat  rate  consumers  nearly 
always  use  more  light  than  is  necessary.  If  an  attempt  is  made 
lo  combine  the  two,  there  will  be  complaint  of  discrimination. 

C.  C.  GILES. 
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Every  installation  of  less  than  five  lights/on  a  flat  rate  ;  all 
over  that,  on  a  meter.  FRED.  B.  SHARPE. 

I  should  say  meter  rate.  It  prevents  waste,  both  in  lamps 
and  in  current.  E.  S.  BOSWORTH. 

Unquestionably,  meter  rates  are  more  satisfactory  in  the 
long  run,  both  to  the  supplying  companies  and  to  the  con- 
sumers. Under  flat  rates  the  consumers  get  a  great  deal  more 
than  they  pay  for  or  want,  and  the  supplying  companies  give  a 
great  deal  more  than  they  are  paid  for.  Where  metering  is 
possible — and  it  should  be  possible  everywhere  excepting  for 
street  lamps  -it  should  be  employed. 

A.  W.,  N.  Y.  ED.  CO. 

This  is  a  matter  that  is  governed  by  local  conditions.  As 
we  are  situated,  not  operating  a  day  service,  we  find  that  a 
combined  flat  and  meter  rate  is  the  most  practical,  although  on 
24  hours'  service  we  would  not  consider  flat  rates,  unless  for  one 
or  two  lamps  only.  W.  J.  TROTT. 

By  no  means  use  a  flat  rate  except,  possibly,  in  arc-light 
work,  and  only  on  circuits  controlled  separately  at  the  station. 
These  lights  are  to  be  further  protected  by  installing  an  inter- 
rupting device  to  prevent  overreaching  on  the  part  of  the 
consumer.  GUY  C.  GUM. 

In  very  small  towns  where  there  are  no  very  large  con- 
sumers, I  think  that  flat  rates  should  be  used,  and  that  every 
house  should  be- fused  up  for  its  maximum  demand,  with  fuse- 
boxes  sealed.  This  is  only  applicable  to  places  where  the 
expense  of  buying  and  maintaining  a  meter  would  materially 
cut  down  the  profits  per  consumer.  In  large,  or  medium-sized 
towns,  where  the  average  consumer  uses  considerable  current 
and  the  meter  expense  would  not  be  so  large  an  item,  I  think  it 
is  always  advisable  to  put  consumers  on  a  combination  basis, 
such  as  the  Doherty  rate,  where  a  certain  fixed  **  readiness-to- 
serve  "  is  charged  on  every  lamp  demanded,  a  certain  consumer 
charge  on  each  consumer,  and  a  small  meter  rate  in  addition. 
It  is  needless  to  dwell  upon  the  merits  of  this  system,  as  it  has 
been  thoroughly  discussed  at  previous  meetings. 

C.W.HUMPHREY. 

5' 
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We  are  operating  an  electric-light  plant  in  a  city  of  3500 
population.  We  started  out  giving  12-hour  service  and  flat 
rates  five  yeais  ago,  but  we  are  now  giving  24-hour  service  and 
making  no  new  contracts  above  two  lights  except  they  be  on 
meter.  W^  have  a  number  of  flat-rate  contracts  still  in  force 
and  find  them  very  unsatisfactory,  although  we  are  operating 
by  water-power.  Were  we  not  using  a  large  amount  of  power 
for  other  purposes,  we  should  be  more  favorably  disposed 
toward  flat  rates,  as  for  some  unaccountable  reason  most  people 
would  like  to  know  in  advance  what  the  cost  is  going  to  be,  and 
we  find  that  many  of  our  patrons  would  be  willing  to  pay  more 
on  a  flat  rate  than  light  costs  them  on  a  meter.  Had  we  no 
other  use  for  the  water  than  to  produce  light,  the  cost  would  be 
but  little  more  to  generate  the  additional  current  and  supply 
them  than  it  now  costs  us,  but  as  we  have  other  uses  for  our 
power,  we  are  decidedly  opposed  to  flat  rates  and  will  not  make 
any  more  ot  them.  F.  L.  WILLIAMSON  &  CO. 

As  a  general  rule,  meters  ;  except  in  cases  where  hours  of 
burning  are  definitely  fixed  and  installation  of  meters  is  too 
expensive.  W.  S.  BAKSTOW. 

It  rarely  pays  in  any  case  to  meter  consumers  using  five 
i6-cp  lamps  or  less,  if  you  can  get  75  cents  or  more  per  i6-cp 
lamp  per  month  on  flat  rates.  By  the  latter  system  you  save 
interest  and  depreciation  on  the  cost  of  your  meter  and  its  con- 
nections, all  meter  repairs,  meter  reading  and  testing,  lamp 
renewals  and  the  constant  loss  in  the  potential  circuit  of  meter, 
besides  insuring  a  fixed  revenue  from  consumers  winter  and 
summer,  and  minimizing  complaints.  It  is  true  that  a  flat-rate 
customer  invariably  uses  his  lights  longer  than  his  contract 
would  allow,  but  I  think  the  trouble  from  this  source  is  gener- 
ally overestimated,  unless  it  arises  from  the  application  of  flat 
rates  to  residences  or  other  installations  where  the  number  of 
lights  wired  is  large  in  proportion  to  the  number  ordinarily  used. 
For  example,  a  i6-cp  lamp  burning  24  hours  per  day  and  i6 
days  per  month  would  require  about  35  kw-hours,  which  at  70 
cents  per  month  would  be  two  cents  per  kw-hour.  How  many 
of  us  who  are  anxiously  looking  for  some  means  of  broadening 
out  our  load  peaks  would  think  of  ''turning  down"  a  24-hour 
customer  at  two  cents  per  kw-hour?  But,  as  a  matter  of  fact, 
the  most  hardened    '*  flat-rater"    would    hardly   average   more 
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than  12  hours  per  day,  even  on  an  all-night  contract,  which 
would  make  his  rate  four  cents  per  kw-hour.  Isn't  this  a  gilt- 
edged  return  for  a  12-hour  load  ? 

Compare  a  five-light  installation  operating  12  hours  a  day 
at  75  cents  per  lamp  per  month,  with  a  25-light  installation 
averaging  one  hour  per  lamp  per  working  day  and  metered  at 
10  cents  per  kw-hour  net : 

5  Lamps  2$  Lamps 

Flat  Rate  Meter  Rate 

Revenue $45  cx)  |»43  68 

Cost  of  current  at  one  cent  per  kw-hour  (station 

costonly) 10  51         $438 

Interest  and   depreciation  on  cost  of  meter  and 

connections  at  1 5  per  cent 225 

Loss  in  potential  circuit  of  meter,  at  five  watts  per 

hour,  365  days  per  year,  at  one  cent  per  kw-hour  o  44 

Meter  repairs,  reading  and  testing i  00 

13  lamp  renewals  at  600  hours'  life  per  lamp,  at  16 

cents  per  lamp 2  08  10  15 

Net  earnings   $34  49  $33  53 

In  the  above  comparison  no  account  is  taken  of  the  fact 
that  the  25-light  metered  installation  requires  several  times  the 
station  and  line  investment  needed  in  the  case  of  the  five-light 
fiat-rate  customer;  in  some  instances,  five  times  as  great.  If 
the  interest  and  depreciation  on  this  additional  investment  are 
taken  into  consideration,  or  the  cost  of  additional  current  is 
reckoned  at  the  cost  of  coal  only,  the  comparison  becomes  very 
one-sided.  EUlTOR. 

jVo.  20J. —  IV/tich  is  preferable  i  7^o  make  a  /lig/i  rate  per  kiv- 
hour  and  give  liberal  discounts^  say  up  to  ^o  per  cent,  to  large  con- 
sumers^ or  to  make  a  low  rate  with  a  maximum  discount  of^  say^ 
10  per  cent  / 

The  two-rate  system  of  charging  by  meter,  giving  a  uni- 
form discount  of  10  per  cent,  strikes  us  as  the  most  favorable  to 
both  the  company  and  the  consumer,  as  it  gives  the  long-hour 
consumer  the  benefit  of  the  low  rate  and  the  discount,  and 
makes  the  short-hour  consumer  come  nearer  standing  his  por- 
tion of  the  ready-to-serve  cost.  E.  E.  LARRABEE. 

We  prefer  as  low  a  kilowatt  rate  as  possible,  for  the  reason 
that  our  customers,  comparing  notes  with  other  cities,  see  that 
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part  of  it  first  and  are  apt  to  ignore  the  discounts  entirely  in 
making  comparisons.  S.  S.  INGMAN. 

If  straight  meter  rates  are  used  without  a  minimum  or 
fixed  service  charge,  the  writer  would  strongly  advocate  a 
higher  rate  per  kw-hour  with  liberal  discounts,  rather  than  a 
lower  rate  per  kw-hour  with  a  maximum  discount  of,  say» 
lo  per  cent.  ALEX.  J.  CAMPBELL. 

High  rate  with  discounts.  C.  P.  WELLES. 

Speaking  locally,  after  a  strong  campaign  in  favor  of  muni- 
cipal ownership,  a  low  rate  with  a  maximum  discount  of  lo  per 
cent  is  preferable.  Ninety  per  cent  of  the  arguments  against 
excessive  cost  of  lighting  are  based  upon  the  gross  amount  of 
the  bill  before  the  cash  discount  is  taken  off.  Our  meter  bills 
bear  a  discount  of  thirty-three  and  a  third  per  cent,  while  our 
maximum-demand  bills  have  discounts  of  from  five  to  ten  per 
cent  for  cash,  and  we  find  that  the  latter  are  fully  as  effective  in 
securing  prompt  payment  as  the  larger  discount,  while  the 
results  of  a  discount  loss  are  not  nearly  so  serious,  the  consumer 
being  sore  in  proportion  to  the  size  of  the  discount  lost. 

THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

A  high  rate  and  liberal  discount  is  preferable^  as  it  is  what 
they  get  off  the  bill,  rather  than  the  net  bill,  which  impresses 
consumers.  FRED.  B.  SHARPE. 

A  high  rate  with  liberal  discounts  is  best,  as  it  enables  you 
to  favor  desirable  customers.  C.  C.  GILES. 

In  regard  to  which  is  preferable — high  rate  per  kw-hour 
with  liberal  discounts  or  low  rates  with  small  discounts — I 
think  that,  so  far  as  the  merits  of  the  two  rates  stand,  one  is 
about  as  advisable  as  the  other,  but  that  neither  is  as  equitable  as 
a  low  rate  with  a  readiness-to-serve  charge  and  no  discounts. 
If  one  or  the  other  of  the  above  meter  rates  is  charged,  the  rate 
with  large  discounts  would  probably  appeal  to  people  in  general 
more  than  would  the  one  with  small  discounts,  and  would  prob- 
ably be  an  incentive  to  new  business.  A  high  rate  with  large 
discounts  may  resolve  itself  into  the  same  net  price  as  a  low 
rate  with  small  discounts.  C.  W.  HUMPHREY. 
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A  high  rate  is  preferable  with  large  discounts.     Kates  and 

discounts  should  be  in  decimals  of  loo.     Example  :  Base  rate, 

20  cents  per  kw-hour ;    discount,  10,  20,  30,  40,  50  per  cent,  etc. 

This  makes  easy  the  task  of  computing  bills  when  compared 

with  the  17  cents  per  kw-hour  with  nine  per  cent  discount.     The 

first   rate   allows   of    a    mental    computation,    while    the    last 

requires  a  rate  sheet  or  resort  to  a  pencil. 

GUY  C.  GUM. 
High  rate. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

We  think  it  is  preferable  to  offer  the  low  rate  with  a  small 
discount,  as  our  experience  has  shown  that  the  lower  figures 
more  generally  appeal  to  customers  than  does  a  high  rate  with 
a  liberal  discount,  the  rate  naturally  being  the  figure  that  is  first 
considered  by  a  prospective  customer.  .  P.  GOSSLER. 

It  is  impossible  to  give  a  specific  answer  to  this  question, 
as  the  conditions  of  electricity  supply  and  cost  of  production 
vary  so  much  from  place  to  place  that  it  is  impossible  to  make 
any  general  statement  as  to  the  best  system  under  which  to 
formulate  the  charges  for  current  and  which  would  apply  to  all 
conditions.  J.  W.  L.,  JR ,  N.  Y.  ED.  CO. 

No,  204. —  What  is  the  proper  method  of  charging  for  exhaust- 
steam  heating  ? 

The  proper  method  of  charging  for  steam  heat  is  by  con- 
densation meter,  or  possibly  a  combination  of  flat  rate  and 
meter  charge.  PEORIA  GAS  AND  ELECTRIC  CO. 

I  believe  exhaust-steam  heating  should  be  sold  in  the  same 

way  that  electric  current  is  sold.      A  fixed  charge  should  be 

made  on  the  basis  of  maximum  demand,  and  in  addition  to  this 

charge  the  steam  condensed  should  be  measured  by  a  meter 

and  charged  for  at  a  low  rate  per  1000  pounds  of  condensation. 

H.  S.  RUSSELL. 
By  meter. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

N'o.  20J. —  H'hat  position  is  being  taken  by  central  stations 
generally  with  regard  to  customers  putting  on  2-cp  and  4-tp  lamps? 
Does  it  pay  to  give  free  renewals? 

We  believe  central  stations  should  furnish  their  customers 
anything  ihey  want  in  the  shape  of  lamps,  but  we  do  not  at 
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present  furnish  free  lamp  renewals,  and  there  would  be  some 
question  in  regard  to  furnishing  2-cp  and  4-cp  lamps  free  of  cost 
to  the  consumer,  except  in  case  of  sign  or  decorative  lighting 
where  quite  a  number  of  them  would  be  used. 

E.  E.  LARRABEE. 

We  furnish  free  renewals,  and  believe  it  is  necessary  for  a 
company  to  do  this  in  order  to  get  the  best  results.  I  recom- 
mend small  lamps  for  use  in  some  places,  and  we  carry  in  stock 
4-cp  lamps  for  exchange.  F.  ELLWOOD  SMITH. 

We  do  not  give  renewals  of  less  than  8-cp  lamps  ;  we  can 
not  carry  so  many  different  kinds  in  stock. 

GEO.  B.  LAUDER. 

Small  lamps  are  seldom  used  where  it  is  very  essential  that 
their  efficiency  should  be  maintained.  I  renew  no  lamp  of  less 
than  i6.cp.  E.  S.  BOSWORTH. 

Free  renewals,  so  far  as  our  experience  teaches,  should  be 
confined  to  standard  sizes  of  lamps — 8-cp,  i6-cpand  32-cp.  Our 
experience  has  been  that  lamp-makers  would  not  bind  them- 
selves in  any  way  as  to  the  life  and  efficiency  of  5-cp,  4-cp  and 
2-cp  lamps  (selling  at  the  same  price  as  standard  sizes  of  8,  16 
and  32  candle-power),  and  lamps  of  these  sizes  were  found  to  be 
very  short-lived  or  else  they  consumed  six,  eight,  and  even  nine 
watts  per  candle-power ;  on  the  one  side  involving  undue  ex- 
pense for  lamps  compared  to  revenue  earned,  and  on  the  other, 
trouble  and  dissatisfaction  on  the  part  of  the  consumer. 
Specially-made  lamps  of  small  candle-power  can  be  bought  at 
a  price  considerably  in  excess  of  that  of  the  standard  sizes, 
which  are,  as  a  rule,  of  very  good  efficiency  ;  these,  as  well  as  the 
turn-down  lamps,  we  sell  to  our  customers  when  required,  at  a 
price  approximating  cost,  believing  that  we  should  help  our 
customers  to  supply  their  special  needs  at  the  lowest  possible 
prices  without  loss  to  ourselves.  For  lettered  sign  work^ 
specially-made  small  candle-power  lamps  are  desirable  in  any 
case.  THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

I  should  unhesitatingly  give  a  consumer  2-cp  and  4-cp 
lamps.  As  an  illustration  :  A  consumer  has  a  four-light  fixture 
in  which  four  i6-cp  lamps  are  placed.     Rarely  more  than  one 
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was  used  at  once.  Upon  being  furnished  with  4-cp  lamps  all 
were  used  at  once  and  a  better  illumination  and  a  better  pleased 
customer  were  obtained.  A  pleased  customer  is  a  good  adver- 
tisement. GUY  C  GUM. 

The  customer  should  pay  for  all  lamps  under  8-cp,  on 
account  of  excessive  cost  of  lamps  for  number  of  cp-hours  used. 

LA  CROSSE  GAS  AND  ELECTRIC  CO. 

In  Denver  we  furnish  any  size  of  lamp  that  the  consumer 
wants,  but  we  furnish  a  lamp  of  a  certain  efficiency  for  each  size, 
which  will  bring  the  cost  to  us  the  same  per  kw-hour.  This 
seems  to  me  the  most  logical  way  to  solve  this  problem. 

C.  W.  HUMPHREY. 

Information  gathered  by  the  writer  would  indicate  that  the 
central  stations  are  getting  more  liberal  in  the  matter  of  furnish- 
ing free  installation  and  renewals  of  4-cp  lamps,  but  a  compara- 
tively small  number  are  as  yet  committed  to  this  practice.  The 
question  is,  how  much  per  kw-hour  of  output  can  the  company 
stand  for  lamp  renewals,  the  smaller  candle-power  lamps  on  the 
same  number  of  hours  of  life  costing  much  more  per  kw-hour 
than  the  larger  ones  ;  but  as  small  candle-power  lamps  are  used 
largely  for  display  lighting,  where  decoration  is  more  to  be  con- 
sidered than  illumination,  lamps  a  volt  or  two  higher  than  the 
line  pressure  can  be  used  with  satisfaction  to  the  customer,  and 
this  practice  will  prolong  the  life  of  the  lamp  to  such  an  extent 
^  that,  taking  the  advertising  feature  into  consideration,  it  is 
excellent  practice  to  install  and  renew  4-cp  lamps  free.  The 
present  2-cp  lamps,  however,  are  of  such  high  wattage  per 
candle-power  that  stations  that  do  put  out  free  installation  and 
renewals  as  low  as  4-cp  do  not  feel  that  they  can  continue  it  to 
2-cp  lamps.  JOHN  F.  GILCHRIST. 

No  free  renewals. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

In  lighting  with  4-cp  lamps,  the  renewals  amount  to  about 
four  times  the  cost  of  the  coal  required  to  produce  the  current, 
or,  in  other  words,  to  about  as  much  as  all  of  the  other  expenses 
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put  together.     This  is  such  a  disproportion  that,  in  my  opinion, 
only  exceptional  conditions  can  justify  free  renewals. 

EDITOR. 

If  the  company  supplies  electric  current  without  regard  to 
the  lamps,  it  would  seem  to  have  little  control  of  either  types  or 
candle-powers  of  lamps  used  by  its  customers.  If  the  renewal 
of  lamps  is  included  within  the  price  for  current,  it  would  then 
seem  proper  to  limit  the  size  of  such  renewals  to,  say,  eight 
candles,  so  as  to  confine  within  reasonable  limits  the  cost  of 
renewals  per  kwhour.  Lamps  of  four  candles  are  in  some 
instances  desirable  for  signs,  show-case  and  window  lighting, 
but  the  efficiency  should  be  so  lowered  as  to  maintain  about  an 
even  lamp  life  and  thereby  an  even  kilowatt  cost  for  renewals. 
A  fair  ratio  seems  to  be  if  i6  candles  consume  50  watts,  to  allow 
30  or  32  watts  for  8  candles  and  20  watts  for  4  candles. 

"  Free  Lamp  Renewals "  is  only  a  term,  as  the  cost  of 
renewals,  if  it  is  not,  should  be  added  to  and  included  within 
the  price  for  current.  Because  of  the  necessity  for  expert 
knowledge  of  the  lamps  when  purchasing  them,  and  tTie  desira- 
bility of  frequent  renewals  when  lamps  become  blackened,  to 
maintain  a  high  standard  of  illumination,  it  seems  desirable — 
unless  there  are  other  controlling  considerations — to  make  the 
lamp  renewals  through  the  supplying  company. 

A.  W.,  N.  Y.  ED.  CO. 

From  the  following  table  of  life  and  the  cost  per  kw-hour  for 
lamp  renewals,  it  will  be  seen  that  low-candle-power  and  sign 
lamps,  in  all  except  a  few  sizes,  are  profitable  to  supply  on  the 
free-renewal  basis.  In  making  this  statement  I  assume  that  so 
long  as  the  cost  per  kw-hour  for  renewals  does  not  exceed  that 
of  the  i6-cp,  3. 1 -watt  lamp — which  is  about. 75  cent  per  kw-hour 
— it  would  be  profitable  to  supply  low-candle-power  and  sign 
lamps  on  the  free-renewal  basis. 

With  low-candle-power  lamps  in  the  Edison  standard  effi- 
ciencies, it  would  appear  that  the  regular  bulb  4-cp,  5-cp  and 
6-cp  lamps  of  an  efficiency  of  four  watts  per  candle  and  lower, 
would  be  supplied  on  free  renewals  at  considerably  less  cost 
than  the  regular  i6-cp  lamps.  The  cost  of  the  4-cp  and  6-cp 
lamps  is  exactly  half  that  of  the  regular  i6-cp,  so  there  should  be 
no  doubt  that  for  such   lamps  the  cost  per  kw-hour  will  be  no 


1 89 

greater  than  for  the  i6-cp,  3.5-watt  lamps,  which  some  stations 
are  still  using. 

In  the  lamps  made  up  in  the  sign  bulb,  which  is  consider- 
ably smaller  than  the  regular  bulb,  the  2-cp  is  belo.w  the  cost  of 
the  i6-cp,  3. 1 -watt  lamp,  and  the  4-cp  is  slightly  in  excess.  In 
general,  the  question  can  certainly  be  answered  in  the  affirma- 
tive for  free  renewals  in  low-candle-power  and  sign  lamps, 
•especially  when  it  is  considered  that  sign  lamps  are,  as  a  rule, 
used  in  groups,  making. a  total  load  of  considerable  size  and 
value. 

TABLE  SHOWING  USEFUL  LIFE  AND  COST  PER  KILOWATT- 
HOUR  FOR  RENEWALS  IN  LOW-CANDLE-POWER  AND  SIGN 
LAMPS 

Regular  SS-17  Bulb  (2>^  Inch,  Pcar-Shapcd) 

Cost  p«r  Kw- 
Hours  Hour  for 

Candle-  Total  Useful  Renewals  at 

power  Efficiency  Watts  Life  i8c.  per  Lamp 

4 4.87  19.5  2400  .4  C. 

5 4.3  21  1240  .7  C. 

<i 4-34  26  1745  .4  c. 

■6 3.73  22                        745  I.I2C. 

Sign  Bulbs  (^  Inch,  Pear-Shaped) 

2 6.5  13  2260  .6  c. 

3 4.87  14.61                  680  1.8  c. 

4 4.87  19.5                    960  I.     c. 

5 4.2  21                      480  1.8  c. 

FRANCIS  W.  WILLCOX. 

JV^o.  206. —  What  success  are  central  stations  having  in  pushing 
motor-driven  ice-making  and  refrigerating  plants  for  saloons^  restau- 
rants, markets  and  residences  ? 

We  have  been  having  good  success  in  using  small  motors 
for  the  class  of  work  mentioned  in  this  question.  At  the  price 
at  which  we  are  selling  current,  it  is  quite  a  saving  over  appa- 
ratus of  that  kind  driven  by  steam. 

WALTER  L.  MULLIGAN. 

The  use  of  motor-driven  ice-making  and  refrigerating 
machines  has  but  just  begun  to  assume  much  importance  in  the 
operation  of  central  stations.  I  believe  that  it  is  destined  to  be 
one  of  the  most  satisfactory  classes  of  business  for  which  central 
stations  can  cater.     I  know  of  no  unexploited  field  for  the  sale 


of  central-station  current  which  seems  to  offer  better  possibilities 
at  the  present  time  than  the  one  here  alluded  to. 

There  has  been  a  very  marked  advance  in  the  art  of  pro- 
ducing refrigeration  on  a  small  scale  within  the  past  two  years. 
Machines  have  been  and  are  being  made,  and  will  no  doubt  very 
soon  be  on  the  market  on  a  commercial  scale,  which,  combining 
simplicity,  reliability  of  operation  and  low  cost  of  maintenance, 
will  prove  very  attractive  to  the  owners  of  creameries,  restau- 
rants, butcher  shops,  apartment  houses,  dispensers  of  temperance 
beverages  and  ice-cream,  as  well  as  to  the  better  class  of  private 
dwellings  I  anticipate  a  great  advance  in  this  particular  busi- 
ness during  the  coming  year  or  two.  I  think  all  central  stations 
would  do  well  to  foster  this  class  of  business  as  much  as  thev  can. 

There  are  a  good  many  machines  being  operated  by  motors 
throughout  the  country,  but  I  have  no  information  at  hand, 
except  in  isolated  cases,  regarding  definite  results.  I  know  of 
one  machine  in  Hartford,  Conn.,  that  has  been  in  operation 
about  two  years,  where  the  proprietors  of  a  creamery  claim  that 
with  electricity  at  three  cents  per  kw-hour  and  cooling  water  at 
12  cents  per  looo  gallons,  the  cost  of  their  ice  bill  is  cut  nearly 
in  half,  with  all  the  attendant  advantages  of  freedom  from  slop, 
moisture,  and  the  carrying  through  their  store  of  a  large  quantity 
of  ice  each  morning.  FRED.  M.  KIMBALL. 

No  success  here. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Motor-driven  refrigerating  plants  are  in  successful  use  in 
Denver,  although  they  are  not  extensive  as  yet.  One  meat  mar- 
ket here  has  a  one-ton  ice  machine  which  maintains  a  refrig- 
erating room  of  2000  cubic  feet  capacity  at  a  temperature  of 
30  degrees  for  24  hours.  The  motor  consumes  on  an  average 
about  425  kw-hours  per  month.  C.  W.  HUMPHREY. 

Motor-driven  refrigerating  plants  are  not  as  yet  extensively 
used.  There  may  be  as  many  as  a  dozen  operating  in  New 
York  city — some  having  automatic  or  thermostatic  control  by 
which  the  temperature  variations  are  limited  to  as  few  degrees 
as  may  be  desired.  The  load  and  use  factors  are  so  high  that  a 
low  kilowatt  price  must  be  made  to  compete  with  steam  or  the 
iceman.      It   is  generally  understood   that  an   electrical  horse- 
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power  or  a  horse-power  and  a  quarter,  is  the  equivalent  of  a  ton 
of  ice  effect,  that  is,  a  ton  of  ice  melting  in  24  hours. 

A.  W.,  N.  Y.  ED.  CO. 

No.  207, — Is  it  to  the  best  interests  of  small  companies  to  do  a 
wiring  business  ? 

We  think  it  surely  is  for  the  best  interests  of  the  small  com- 
panies to  do  a  wiring  business,  provided  they  do  the  work  as  it 
should  be  done.  We  do  not  consider  inside  wiring  especially 
profitable,  but  we  do  only  first-class  work. 

E.  E.  LARRABEE. 

Everything  considered — no.  We  tried  it  and  gave  it  up.  It 
is  usually  a  feast  or  a  famine  in  the  wiring  business ;  the  m«n 
are  worked  to  death  one  day  and  idle  the  next.  The  customer 
expects  too  much  of  the  company  if  it  does  wiring.  The  con- 
tractors get  angry.  The  company  is  held  responsible  for  defects 
in  the  wiring,  etc.  There  is  much  to  be  said  in  favor  of  the 
idea,  as  it  probably  induces  some  new  business.  Our  idea  is 
that  a  strict  account  of  expense  will  show  that  the  business  costs 
too  much  for  the  benefits  derived.  We  don't  want  to  undertake 
it  again.  It  requires  a  large  and  varied  assortment  of  supplies, 
etc.,  and  unless  combined  with  the  usual  other  lines  taken  up  by 
contractors,  it  is  a  financial  failure.  Of  course,  the  benefits 
derived  may  be  indirect  and  not  easily  determined.  We  went 
into  it  because  the  local  contractors  were  doing  miserable  work. 
We  raised  the  standard  of  work  greatly.  It  is  often  desirable 
to  have  control  of  the  wiring  of  a  city  or  town,  so  as  to  insure 
good  work,  but  the  sum  total  of  our  experience  is — keep  out 
of  it.  GEO.  B.  LAUDER. 

Being  a  small  company,  we  find  it  necessary  to  do  wiring, 
but  we  prefer  letting  it  out  to  other  parties.  We  have  been 
doing  it  for  our  customers  at  cost.  We  believe  that  if  other 
parties  were  doing  the  wiring  we  could  get  more  business 
through  the  increased  effort  to  get  wiring. 

S.  S.  INGMAN. 

We  believe  it  is  for  the  best  interests  of  small  companies  to 
do  a  wiring  business.  Such  companies  are  usually  located  in 
some  small  town   more  or  less   remote  from   a   city,  and    it  is 
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practically  an  absolute  necessity  for  such  companies  to  have  in 
their  employ  a  man  capable  of  taking  care  of  any  small  and  fre- 
quent or  urgent  wants  of  its  customers.  Having  such  a  man,  it 
might  be  considered  desirable  for  the  company  to  do  a  wiring 
business ;  for,  in  the  nature  of  things,  it  would  not  be  very 
large,  and  could  be  done  at  times  when  such  a  man  had  no  other 
work  to  do.  Moreover,  if  the  company  does  do  such  a  business, 
it  acts  as  a  check  on  city  contractors,  who  might  be  disposed  to 
charge  higher  rates  for  work  that  they  might  get  in  small  towns. 

CHARLES  G.  BILL. 

A  man  can,  I  think,  solicit  business  to  better  advantage  if 
he  is  prepared  to  give  figures  on  installation.  Many  persons 
conducting  a  wiring  business  in  small  towns  are  irresponsible, 
and  it  is  to  the  advantage  of  the  station  that  all  customers  get 
fair  and  courteous  treatment,  reasonable  prices,  and  an  arrange- 
ment of  lights  convenient  and  effective ;  last,  but  not  least,  a 
safe  job.     Few  small  towns  support  an  inspector. 

E.  S.  BOSWORTH. 

It  is  generally  necessary  for  a  lighting  company  to  do  wir- 
ing in  order  to  prevent  contractors  from  charging  exorbitant 
prices  and  thus  preventing  people  from  putting  in  lights. 

C.  C.  GILES. 

Yes  ;  it  fills  in  odd  time  for  wiremen  and  guarantees  satis- 
factory work  for  a  company.  FRED.  B.  SHARPE. 

We  believe  the  station  should  only  carry  supplies  that  they 
may  need  for  their  own  use:  excepting,  of  course,  fuses  and 
lamps,  which  they  would  naturally  supply. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Not  unless  an  accurate  and  detailed  account  is  kept  of 
material  and  labor  supplied,  and  a  fair  profit  realized  thereon. 
Nor  should  it  be  done  unless  outside  contractors  are  unjust  and 
avaricious  in  their  charges.  It  is  well  to  have  a  governing  influ- 
ence, and  to  act  as  an  arbitrator  between  prospective  customers 
and  contractors.  The  usual  practice  of  small  plants  is  to  do 
their  own  wiring,  but  no  immediate  financial  benefit  is  ordin- 
arily derived  therefrom,  excepting  the  provision  of  a  new  patron 
and  a  gain  thereby  in  the  sale  of  current.  GUY  C.  GUM. 
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For  reasons  best  known  to  ourselves,  we  do  not  do  wiring, 
although,  generally  speaking,  we  think  it  would  be  wiser  to  do  it. 

LA  CROSSE  GAS  AND  ELECTRIC  CO. 


I  believe  it  is  to  the  best  interest  of  any  small  company  to 
do  wiring,  to  insure  to  consumers  of  the  company  a  first-class 
job  at  a  reasonable  figure.  There  is  no  reason  why  wiring  done 
on  such  a  basis  should  antagonize  any  supply  company  that  is 
engaged  in  the  same  line  of  business. 

P.  A.  BERTRAND. 


We  realize  that  there  is  some  objection  to  the  electric-light 
company's  doing  wiring,  but  from  our  experience  we  are  sure 
that  the  advantages  are  greater  than  the  disadvantages.  It  is 
necessary  for  all  lighting  companies  to  keep  an  outside  man  to 
look  after  the  lines  and  equipment,  and  this  man  with  a  helper 
can  do  all  necessary  wiring  in  a  small  city.  Our  experience  has 
been  that  it  is  necessary  to  do  house  wiring  at  as  low  a  figure 
as  possible,  in  order  to  induce  people  to  begin  using  electric 
light,  and  no  one  making  a  business  of  wiring  could  afford  to 
do  the  work  at  as  low  a  figure  as  the  electric-light  company. 
Another  consideration  is  that  when  the  lighting  company  con- 
trols the  wiring  it  will  have  it  done  in  a  safe  manner,  while  if 
the  work  is  done  by  some  one  having  no  interest  in  the  lighting 
business,  it  is  probable  that  a  great  deal  of  unsafe  work  will  be 
done.  We  believe  that  in  cities  of  10,000  population  or  under, 
all  the  wiring  should  be  done  by  the  lighting  company,  or  under 
its  supervison,  unless  there  be  a  competent  city  electrician. 

F.  L.  WILLIAMSON  &  CO. 


The  writer  believes  that  it  is  ;  although  not  to  the  exclusion 
of  the  outside  contractor,  whose  friendly  feeling  and  co-opera- 
tion should  be  encouraged  in  every  way.  However,  much 
profitable  business  can  be  obtained  by  the  central-station  man 
when  small  concessions  can  be  made  in  certain  classes  of  wiring, 
and  when  extremely  prompt  execution  of  wiring  work  can  be 
promised,  which  is  impossible  unless  the  station  has  at  least  a 
very  good  control  of  the  wiring  business.  Furthermore,  the 
wiring  department  of  the  lighting  company,  properly  used,  tends 
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to   prevent  its  cumstomers  from   being  charged   unreasonable 
rates  for  construction  work.  .     JOHN   F.  GILCHRIST. 

The  best  interests  of  the  supplying  companies  seem  to  de- 
mand the  development  of  as  many  strong  competitive  wiring  and 
general  contracting  concerns  within  its  territory  as  is  possible. 
To  secure  this  result  it  may  be  necessary  for  the  company  itself 
to  remain  out  of  active  competition.  The  company,  however, 
should  always  be  ready  to  enter  into  competition  to  maintain  a 
fair  standard  of  prices,  and  thus  prevent  by  excessive  charges 
improper  restriction  of  its  growth.  There  are  some  territories 
in  which  strong  contracting  firms  do  not  exist,  and  there  it 
would  seem  desirable  for  the  supplying  company  either  to  assist 
in  the  development  of  weak  concerns  and  thus  make  them 
strong,  or  to  deal  directly  with  the  public  itself.  Competent 
and  resourceful  contracting  agencies  are  absolutely  essential  to 
a  supplying  company's  proper  growth. 

A.  W.,  N.  Y.  ED.  CO. 

No,  208, — H<nv  far  should  a  station  go  in  the  handling  of  sup- 
plies where  there  are  wiring  contractors  in  a  town  f 

Local  conditions  govern  this  greatly.  There  are  some  sup- 
plies that  a  company  ought  to  furnish  :  Lamps,  fuses,  fan 
motors,  etc.  I  believe  that  the  contractors  should  be  given  the 
supply  business  just  as  far  as  possible.  I  know  of  nowhere  to 
draw  the  line,  but  we  give  the  contractors  all  the  business  that 
we  consistently  can.  GEO.  B.  LAUDER. 

We  believe  that  small  stations  should  handle  the  supplies 
for  wiring  and  furnish  them  to  contractors  practically  at  cost, 
so  long  as  they  get  the  business.  This  keeps  the  station  very 
well  informed  of  what  the  wiring  contractor  is  doing. 

S.  S.  INGMAN. 

We  carry  a  small  line  of  wiring  supplies  and  wire  to  accom- 
modate the  small  wiring  contractor,  and  charge  just  enough 
profit  to  cover  the  expense  of  doing  so. 

LA  CROSSE  GAS  AND  ELECTRIC  CO. 
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The  station  should  handle  as  few  supplies  as  possible  when 
there  are  general  contractors  in  town.  W.  S.  BARSTOW. 


A  central  station  should  go  into  the  wiring  business  far 
enough  to  insure  to  its  customers  first-class  work  at  reasonable 
rates.  The  extent  necessary  to  bring  about  this  result  will 
depend  very  largely  upon  local  conditions.  In  case  satisfactory 
arrangements  can  be  made  between  the  wiring  contractors  and 
the  central  station,  it  may  be  advisable  to  furnish  no  wiring  or 
supplies  at  all.  The  one  object  that  should  be  kept  uppermost 
in  the  mind  of  every  central-station  manager  concerning  wiring 
and  scale  of  fixtures,  is  to  insure  his  customers  the  requisites 
for  first-class  work.  P.  A.  BERTRAND. 


Stations  should  handle  such  goods  as  are  not  likely  to  be 
kept  in  stock  by  local  dealers.  Heating  devices,  fans,  motors, 
fancy  shades,  and  such  wiring  fittings  as  are  only  occasionally 
required,  are  among  the  supplies  the  average  station  should 
keep  in  stock.  It  is  good  policy  to  encourage  the  local  wiremen 
by  carrying  a  small  stock  of  wiring  material,  which  will  often 
enable'them  to  complete  a  job  without  vexatious  delays — vexa- 
tious to  your  customer  as  well  as  his.  EDITOR. 

For  the  same  reasons  that  it  seems  desirable  to  have  strong 
contracting  firms  within  the  supplying  company's  territory,  it 
also  seems  desirable  to  encourage  the  development  of  supply- 
ing agencies.  However,  this  is  less  important,  as  the  contractors 
can  purchase  even  at  a  distance,  and  the  supplying  companies 
can  carry  such  supplies  as  their  customers  demand. 

A.  W.,  N.  Y.  ED.  CO. 

A  central  station  should  control  the  wiring  and  construction 
work  just  far  enough  to  secure  :  First,  the  maximum  amount  of 
lights  and  apparatus  connected  ;  second,  good  work  in  accord- 
ance with  the  Underwriters'  rules,  that  this  part  of  the  service 
may  not  react  upon  the  lighting  company  ;  and  third,  moderate 
prices  for  such  work  to  the  consumer. 

YOUNGSTOWN  CuNSOL.  GAS  AND  ELEC.  CO 
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No,  2op, — Should  not  central  stations  regulate y  to  some  extent  at 
leasts  the  prices  charged  by  wiring  contractors  t 

We  believe  central  stations  should  regulate  the  price 
charge  by  wiring  contractors,  and  think  this  can  best  be  done 
by  refusing  to  furnish  current  to  any  installation  not  thoroughly 
tested  and  inspected  by  the  company  and  approved  by  the 
Board  of  Fire  Underwriters.  We  believe  this  would  keep  out 
the  cheap  contractors  and  improve  the  quality  of  all  work  of 
this  nature  to  a  very  great  extent,  as  we  feel  that  all  inside  work 
should  be  done  in  the  best  manner.  E.  E.  LARRABEE. 

This  is  a  matter  of  local  conditions.  If  the  contractors  do 
poor  work,  or  ask  too  much  for  the  work,  a  central  station  would 
be  justified  in  going  into  the  supply  business  or  in  doing  wiring. 
I  suppose  a  central  station  is  justified  in  looking  at  the  matter 
coldly,  and  doing  what  it  thinks  will  be  the  best  for  its  ultimate 
income,  but  I  believe  that  the  contractor  has  some  rights,  and 
should  be  given  all  the  show  possible,  provided,  of  course,  that 
the  contractor  is  all  right.  I  would  go  to  considerable  trouble 
and  expense  to  run  a  poor  contractor  out  of  business,  for  he 
can  hurt  a  central  station  tremendously. 

GEO.  B.  LAUDER. 

The  writer  thinks  it  very  decidedly  for  the  best  interests  of 
all  concerned  that  central  stations  should  regulate  to  some 
extent  the  prices  charged  by  wiring  contractors,  and  more  par- 
ticularly that  they  should  have  something  to  say  with  regard  to 
the  quality  of  the  work.  Otherwise,  there  may  be  excessive 
drop,  resulting  in  poor  light,  or  fires  resulting  from  defective 
workmanship,  both  of  which  will  in  a  large  measure  bring 
blame  upon  the  central  station.  While  it  is  expensive  and  diffi- 
cult for  the  central  station  to  inspect  all  the  work  as  it  is  being 
done,  I  think  that  the  use  of  a  blank  (somewhat  similar  to 
Blank  No.  i  hereto  appended)  will  greatly  assist  in  maintaining 
the  quality  of  the  work.  This  blank  can  be  improved  some- 
what, as  upon  it  the  contractor  should  state  that  he  has  wired 
certain  premises  in  accordance  with  the  rules  and  regulations  of 
the  central  stations  or  of  the  insurance  exchange,  or  both,  and 
that  he  will,  at  his  own  expense,  correct  any  work  not  found  up- 
to  the  required  standards. 


197 

We  have  also  tried  Blank  No.  2,  and  have  sent  the  accom- 
panying circular  letter  to  contractors  : 

Norwich,  Conn 190 

NORWICH  GAS  AND  ELECTRIC  CO., 

Gentlemen  : — 

We  have  wired  the  premises  occupied  by 

M 

Location,   No Street, 

or 

as  follows,  viz.: — 


The  work  and  all  the  wiring  incident  thereto  is  completed  in  accord- 
ance with  the  rules  of  the  New  England  Insurance  Exchange. 

We  agree  to  make  any  change  that  the  New  England  Insurance 
Exchange  may  request  or  order. 

Signed 


Norwich,  Conn 190 

To  NORWICH  GAS  AND    ELECTRIC  CO.  : 

We  are  about  to  wire  the  premises 

No , St. 

for  M Please  advise  with  us 

regarding  best  place  for  leads  to  come  out. 


We  have  wired  for additional  incandescent  lights 

on  the  premises  No St. 

for   M 

Signed 

CIRCULAR    LETTER    SENT    BY    COMPANY     TO    CONTRACTORS 

•'  Gentlemen  : 

"For  the  benefit  of  the  service  and  for  the  protection  of  our  customers, 

52 
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we  have  adopted  the  foUowing  rules  in  cooaectioa  with  wiring  intended  to 
be  connected  to  our  circuits  : 

Unless  these  rules  are  complied  with,  we  shall  refuse  to  make  connections: 
Ht     Proper  notice  must  be  sent  in  advance  of  work  that  is  to  be  done,  so  that 

we  can  meet  yon  and  consult  about  the  location  of  leads ;  also  notice 

must  always  be  given  in  advance  where  new  lights  or  more  power  are 

added  for  customers  of  ours. 
i2)    The  rules  of  the  National  Board  of  Fire  Underwriters  will  govern,  and 

will  be  the  standard  by  which  we  shall  judge  work  when  making 

inspections,  except  as  follows  : 
(3;     Knife-switches  of  suitable  size  must  be  used  at  the  entrance  to  buildings. 
(4;     Flush-switches  must  be  placed  in  an  iron  box. 
c;    A  maximum  drop  of  not  over  two  per  cent  will  be  allowed  between  the 

main  cut-out  at  entrance  and  any  lamp  with  all  lamps  burning. 
0)    All  defects  to  which  attention  is  called  must  be  remedied  within  two 

weeks. 
"We  trust  it  will  be  appreciated  that  these  rules  are  adopted  with  a 
view  to  securing  good  and  uniform  work,  and  we  hope  they  will  prove  to  be 

for  the  benefit  of  all  concerned." 

ALEX.  J.  CAMPBELL. 


When  the  central  stations  do  a  wiring  business,  the  com- 
iietition  will  bring  the  price  to  the  proper  point. 

FRED.  B.  SHARPE. 

It  would  seem  desirable  for  the  central  stations  to  keep 
aloof  from  any  attempt  to  regulate  the  prices  of  the  contracting 
firms  in  their  territories,  unless,  as  previously  suggested,  they 
find  the  prices  maintained  are  so  high  that  proper  growth  of  the 
crmipany  is  prevented.  In  most  instances  a  word  to  the  con- 
irartors  upon  the  subject  will  be  enough  to  correct  the  evil. 

A.  W.,  N.  Y.  ED.  CO. 

j\rc/,  2/0. /s  it  economical  practice  to  maintain  a  storekeeper  in  a 

plant  oj,  say,  looo-hp  capacity,  supplying  300  arc  lamps  t 

We  find  it  to  our  advantage  to  keep  a  man  to  take  account 
of  our  stock,  and  keep  track  of  it  as  it  goes  out  on  the  dififerent 
j^,l,^  WALTER  L.  MULLIGAN. 

Wc  have  an  output  a  little  in  excess  of  1000  horse-power, 
and  wr  have  not  found  it  advisable  to  keep  a  storekeeper.  The 
amount  of  saving  that  a  storekeeper  would  effect  in  so  small  a 
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plant  would  not  offset  his  salary  or  wages ;  at  least,  it  seems  so 
to  us,  and  seems  to  be  the  general  opinion. 

GEO.  B.  LAUDER. 

We  believe  that  it  would  be  economical  practice  to  maintain 
a  storekeeper  in  a  plant  of  any  size.  With  the  storeroom  acces- 
sible to  the  employees  generally,  material  is  certain  to  be 
wasted.  S.  S.  INGMAN. 

While  theoretically  advantageous,  the  writer  regards  it  as 
being  very  doubtful  whether  it  is  economical  practice  to  main- 
tain a  storekeeper  in  a  plant  of  the  size  given. 

ALEX.  J.  CAMPBELL. 

• 

Without  experience  under  the  conditions  named,  should 
say  no.  C.  S.  S.,  N.  Y.  ED.  CO. 

No.  21  J. — How  do  you  keep  account  of  stock  f  Will  you  kindly 
send  forms^  if  necessary^  for  complete  explanation  ? 

A  stockkeeper  should  be  employed  by  all  moderate-sized 
stations.  The  accompanying  forms  show  the  method  used  by 
the  Sandusky  Gas  and  Electric  Co.  When  material  is  received 
U  is  entered  on  the  stock  card,  also  when  used  ;  therefore,  from 
the  stock  card  a  complete  inventory  can  be  had  at  any  time. 

A.  C.  BLINN. 


Edison  Key  Sockets 


In  Stock 


500 


G.  E.  Co.  6/4/03 


Cost 
Price 


1485 


Material  Used 


2 

i  5 
!  M 


6/4/03 

8/4/03 
10/4/03 

10/4/03 


SelHoff 
Price 


.20 


Material  Used 


Selling 
Price 


.20 


CO.  WORK-CHARGE                      Line  Repairs 

Material  issued  to  R.  Downing 

To  be  used  al  Col.  Ave.  and  Market  St. 

For  repairs  and  arc  circuit 

Am'i 

'^S         ^"•'          r".V.'^         A».,|M..„ia,0»> 

Cot 
Price 

"5 

N,,.6W.P.«i,..s..bjN-o..WP.wlr.      „    !n..W.P.„u. 



.... 

Wood    ■«                                                                '  w™,rt 

. 

1                                          , 

: !  '  •'■""'"•'"•■ 



1 



1         1 

CHARGE  West  Hotel  Co.          MERCHANDISE 

Material  issued  to  M,  White 

To  be  used  a(  Rooms  302,  304  and  306 

Ao,'. 

MitcfiaL 

A., 

RftiVntd 

.„■, 

*  i'«d 

fs 

^SSf 

.«,ft 

No.i31ampcord 
No.  iknotM.... 

"'■ 

K  W 

S-.1BP.  tn>p  1.*-. 
No.  iSUmpcord 

„;,. 

Ed.  iocli.1.,... 
No.  ig  limp  cord 

:::. 

TOTAL 

We  do  not  keep  any  running  account  of  the  amount  of  the 
different  kinds  of  stock  on  hand.  The  money  value  of  the  stock 
is  kept  on  debit  and  credit  system,  charging  it  out  to  the  proper 
job  when  it  is  drawn  out,  and  we  depend  upon  frequent  inven- 
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tories  for  the  information  as  to  the  amount  of  different  material 
on  hand.  Each  department  receives  weekly  reports  of  most 
active  stock  in  which  it  may  be  interested,  that  is,  the  amount 
on  hand.  We  have  no  forms  that  would  make  this  matter  any 
clearer. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Having  a  small  plant,  I  use  a  "  requisition  system  "  of  sup- 
plies. All  materials  are  kept  in  a  room  by  themselves,  called  a 
storeroom.  A  storeroom  ledger  is  kept  of  all  materials,  viz.  : 
lamps  i6-cp,  lamps  8-cp,  sockets,  insulators,  lamp  cord,  and,  in 
fact,  all  items  have  a  separate  account.  Upon  receipt  of 
material  the  items  are  charged  in  each  separate  account  in  this 
storeroom  ledger.  Any  material  taken  from  the  storeroom 
requires  a  requisition,  and  these  requisitions  are  filed  in  the 
storeroom  when  the  material  is  taken  out.  At  the  end  of  the 
month  these  requisitions  are  credited  in  the  storeroom  ledger 
to  their  individual  accounts  and  the  balances  brought  forward. 
The  first  of  every  year  an  inventory  is  taken  and  the  ledger 
corrected.  FRED.  M.  FRIEDBERG. 

Account  of  stock  is  kept  on  stock  ledger  cards,  one  for  each 
kind  of  material.  On  these  cards  are  kept  records  of  receipts, 
deliveries  and  orders.  C.  S.  S.,  N.  Y.  ED.  CO. 

No.  212. — Should  stations  dip  lamps  free  of  cost  for  their 
customers,  in  addition  to  furnishing  free  lamp  renewals? 

I  do  not  think  so.  We  furnish  free  renewals  for  4-cp,  8-cp, 
i6cp  and  24-cp  lamps  ;  for  any  other  style  of  lamp  we  charge 
the  customer  the  actual  cost.  F.  ELLWOOD  SMITH. 

Stations  should  be  in  a  position  to  frost  lamps  (by  dipping) 
without  charge,  but  colored  lights  are  not  in  the  same  class. 
Revenue  producers,  as  a  rule,  should  be  paid  for. 

THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

We  do  not  dip  lamps,  but  we  furnish  the  customer  with  free 
lamp  renewals,  and  he  has  to  pay  the  wiring  contractor  for 
dipping  lamps.        LA  CROSSE  GAS  AND  ELEC  TRIC  CO. 

I  think  this  is  a  question  that  each  central-station  manager 
must  decide  for  himself.     Our  company  does  not  use  dipped 
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lamps,  except  in  some  of  the  colors ;  never  frosted.  The 
customer  in  all  cases  pays  the  additional  cost  of  dipped  lamps 
over  plain  lamps  in  renewals.  J.  N.  BISSELL. 

If  the  company  undertakes  to  make  renewals,  it  seems 
desirable  to  give  its  customers  a  choice  of  plain  or  dipped  glass. 

A.  W.,  N.  Y.  ED.  CO. 

No.  2 1  J. — Does  it  pay  to  support  display  rooms  f 

Our  exhibition  department  has  been  in  operation  since  the 
fall  of  1899,  and,  as  in  other  advertising  schemes,  it  is  rather 
difficult  to  trace  results.  However,  we  feel  satisfied  that  this 
department  is  accomplishing  what  it  was  primarily  intended  to 
do,  that  is,  to  interest  and  in  some  degree  educate  the  public. 
The  attendance  has  constantly  increased  from  year  to  year,  and 
we  know  of  a  great  deal  of  electrical  apparatus  that  has  been 
sold  to  parties  who  have  become  interested  in  it  by  seeing  it  in 
operation  in  this  department.  It  is  not  intended  as  a  general 
advertisement  of  the  company,  but  more  as  a  method  of 
informing  the  public  of  the  great  variety  of  useful  ways  in  which 
electricity  can  be  applied.  We  advertise  it  quite  vigorously  in 
the  papers  and  by  other  means  during  the  autumn  months,  and 
are  satisfied  that  up  to  the  present  time  it  has  been  a  paying 
investment.  Other  large  lighting  companies  are  following  suit 
and  preparing  to  open  similar  departments. 

LA  RUE  VREDENBURGH, 

Generally,  yes.  W.  S.  BARSTOW. 

The  expense  of  maintaining  display-rooms  is  purely  an 
advertising  item,  and,  as  in  all  forms  of  advertising,  it  is  a  little 
difficult  to  say  to  just  what  extent  it  is  of  pecuniary  advantage  ; 
but  the  electrical  business  is  much  like  any  other  business,  and 
the  inspection  of  the  goods  to  be  sold  or  the  results  to  be 
obtained  with  them  certainly  attracts  customers  and  helps 
business.  JOHN  F.  GILCHRIST. 

Undoubtedly.     Good  advertising  in  any  form  seems  to  pay. 

A.  W.,  N.  Y.  ED.  CO. 
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No.  214. —  Will  you  give  a  list  of  articles  desirable  for  an  attractive 
display  for  the  office  of  a  lighting  company^  together  with  scheme  for 
arrangement  ? 

A  collection  of  Nernst,  Meridian  and  candelabra  lamps,  to- 
gether with  fixtures  of  a  neat  design,  to  be  mounted  on  a  display 
board  of  some  dark  material;  the  different  lamps  to  be  controlled 
by  different  switches,  such  as  a  three  and  four-way  double  and 
single-pole  of  flush,  snap  and  push  style,  all  the  current  passing 
through  a  wattmeter  with  a  glass  case,  so  that  the  advantages  of 
the  different  types  of  lamps  and  systems  of  control  can  be  demon- 
strated, with  the  amount  of  current  consumed  by  each. 

H.  M.  BEUGLER. 

Different  forms  of  illumination,  such  as  lamps  at  the  corners 
of  a  panelled  ceiling  ;  lamps  on  the  cornices  ;  lamps  behind 
moulding,  giving  illumination  by  reflection  ;  a  few  small  wall 
brackets  of  neat  design  ;  portables  for  the  reading-table  in  the 
library  or  in  the  bedroom  ;  one  or  two  examples  of  special 
fixtures  or  candelabra  for  the  dining-table  ;  variety  of  shades  for 
the  home,  office,  store,  and  show-window  ;  the  silvered  glass 
reflectors  for  the  show-window  and  the  large  diffusers  for  arc 
lamps  are  important  examples  ;  one  or  two  examples  of  switch 
and  panel  boards  for  centering  control  of  installation.  In  the 
larger  centres,  an  example  of  an  electric  elevator  with  the  auto- 
matic attachment  for  residences  ;  show-window  fixtures,  includ- 
ing a  window  rod  by  which  the  position  of  lamps  may  be 
changed  to  fit  the  dressing  of  the  window  ;  and  electric  refriger- 
ating plant,  automatically  controlled,  including  the  icebox 
within  which  articles  are  maintained  at  the  temperature  desired. 
Various  applications  of  motors,  including  the  sewing  machine, 
more  especially  for  manufacturing ;  a  machine  tool  for  shop 
work,  and  one  or  two  examples  of  special  application,  more 
especially  intended  to  indicate  the  range  at  which  electric  power 
may  be  adopted  for  all  mechanical  purposes  ;  ventilating  fans  ; 
various  sizes  and  kinds  of  incandescent  lamps,  including  colored 
and  candelabra  lamps  ;  decorative  systems,  such  as  the  Elblight; 
signs,  ornamental  and  plain  ;  heating  and  cooking  appliances  in 
service  ready  for  immediate  use  ;  arc  lamps  of  various  types 
and  with  a  variety  of  shades.  The  exhibition  room  should  be 
so  divided  that  the  lighting  effects  may  be  shown  without  day- 
light interference.  A.  W.,  N.  Y.  ED.  CO. 
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No.  2i§. — How  is  plant  or  betterment  account  taken  care  of  in 
the  large  stations  f 

By  an  elaborate  appropriation  system  ;  each  appropriation 
being  authorized  by  the  president,  and  every  order  drawn  under 
an  appropriation  being  approved  by  proper  officers  and  charged 
against  the  appropriation. 

Plant  or  betterments  are  generally  charged  to  construction. 
Such  charges  are  closely  scrutinized,  and  only  those  expenditures 
which  cover  a  bona-fide  addition  to  the  plant  are  so  considered. 
This  company  employs  the  job  system  in  its  construction  work. 
A  written  description  of  every  bit  of  work  planned,  with  an  esti- 
mate of  the  cost,  is  submitted  upon  proper  form  to  the  manage- 
ment, and  after  approval  is  signed  by  the  executive  and  given  a 
working  number.  The  account  to  be  charged  is  determined  at 
the  same  time.  No  expenditures  can  be  charged  to  construction 
except  through  the  job  system  ;  hence,  at  the  end  of  any  period, 
the  company  is  enabled  to  make  a  construction  exhibit  by 
general  accounts  and  also  by  specific  jobs  under  each  general 
classification.  H.  M.  E.,  N.  Y.  ED.  CO. 

No.  216, — How  do  you  figure  depreciation  ? 

We  think  that  a  fair  depreciation  is  15  per  cent  for  the  first 
year  and  10  per  cent  thereafter  on  station  apparatus,  boilers  and 
engines.  On  lines  and  poles,  10  per  cent  for  the  first  year  and 
five  per  cent  thereafter.  We  know  that  this  is  considered  rather 
low,  but  if  the  equipment  is  maintained  in  first-class  condition 
we  think  these  figures  safe.  The  apparatus  now  built  should  be 
more  stable  than  any  made  in  past.  S.  S.  INGMAN. 

Average  about  eight  per  cent,  varying  from  two  per  cent  on 
underground  construction  to  10  per  cent  on  engines  and  gener- 
ators. W.  S.  BARSTOW. 

Have  no   means  of  figuring  depreciation.     We  charge  all 

actual  repairs  to  the  repair  account,  and  transfer  an  arbitrary 

amount  annually  to  a  reserve  for  maintenance  account.     This 

account  is  charged  with  original  cost  of  any  property  disposed  of. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Depreciation  does  not  necessarily  imply  reducing  the  book 
value  of  the  assets  to  the  present  or  cash  value.     One  theory  is 
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to  set  aside  out  of  the  earnings  each  year  a  sum  sufficient  to 
maintain  the  plant  at  its  maximum  working  capacity.  It  is  a 
fact  that,  in  addition  to  the  ordinary  repair  and  renewal  expend- 
itures, which,  it  is  assumed,  are  made  as  required,  there  is  a 
depreciation — the  results  of  which  do  not  become  apparent  at 
once.  This  method  would,  therefore,  be  to  appraise  the  active 
plant — both  generating  and  distributing — at  the  replacement 
value  at  the  beginning  of  the  period,  and  charge  each  year  on 
the  values  so  obtained  the  annual  rate  of  depreciation  that  the 
best  experience  agrees  upon.  The  rate  per  cent  necessarily 
varies  according  as  to  whether  the  item  to  be  depreciated  con- 
sists of  boilers,  engines,  piping,  generators,  electrical  apparatus, 
street  conductors,  service  devices,  etc.  The  amount  of  deprecia- 
tion thus  obtained  should  be  reduced  by  the  amount  expended 
for  repair  and  renewal  of  the  apparatus,  upon  the  theory  that 
repair  and  renewal  arrest  depreciation  to  a  corresponding  extent. 
An  equivalent  sum  should  be  appropriated  out  of  the  net  earn- 
ings at  the  end  of  each  year  ;  the  said  amount  being  credited  to 
depreciation  fund,  and  this  fund  should  be  charged  with  replace- 
ments as  the  same  are  made.  H.  M.  E.,  N.  Y.  ED.  CO. 

No.  21  J. —  What  is  the  best  method  for  control  and  disposal  of 
scrap  ? 

This  is  a  subject  of  great  importance,  not  only  on  account 
of  the  very  considerable  waste  that  is  frequently  met  with  even 
in  large  plants,  but  also  because  of  the  demoralizing  effect  on 
the  men  of  any  carelessness  in  the  handling  or  disposition  of 
scrap  material,  which  frequently  has  considerable  value.  For 
some  inscrutable  reason  men  are  apt  to  be  much  more  wasteful 
proportionately  with  large  quantities  than  with  small,  and  it 
is  therefore  best  to  keep  an  open  receptacle  of  moderate  size  for 
daily  accumulations,  transferring  its  contents  from  time  to  time 
into  a  larger  one  provided  with  lock  and  key. 

A  careful,  competent  man  should  be  detailed  to  attend  to 
this  periodically,  sorting  out  the  contents  of  the  smaller  box 
and  scraping  only  such  stuff  as  can  not  be  made  use  of  without 
unjustifiable  expense.  When  there  is  a  sufficient  amount  on 
hand  in  the  large  box,  the  junk  dealers  should  be  called  on  to 
bid  on  it.  Don't  allow  valuable  space  to  be  cluttered  up  with 
old  instruments,  fuse-boxes,  or  burned-out  transformers  of 
obsolete  type,  and   the  like,  which  will  never  be  salable  except 
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as  scrap,  but  don't  allow  anything  to  be  scrapped  unnecessarily, 
such  as  sockets  or  fittings  lacking  only  some  part  to  make  them 
complete.  Transfer  such  goods  from  the  small  scrap-box  to  a 
special  bin  in  the  storeroom,  and  insist  that  with  this  exception 
the  storeroom  be  kept  clear  of  everything  but  perfect  goods. 
Fitting  up  incomplete  articles  makes  a  good  rainy-day  job  for 
apprentices  and  helpers.  EDITOR. 

No.  218. — Has  the  Doheriy  rate  been  applied  to  power  comum- 
ers  ;  if  so,  what  is  the  usual  basis  of  computation  f- 

The  Doherty  rate  system  has  been  applied  to  power  users 
to  a  limited  extent.  The  basis  of  charging  in  one  large  city  is 
$12  for  each  consumer  plus  $24  per  horse-power  demanded  plus 
two  cents  per  kw-hour  for  current.  In  another  city  the  charge 
has  been  placed  at  $12  per  consumer  plus  $27  per  horse-power 
demanded  plus  three  cents  per  kw-hour  for  current.  One  large 
central  station  uses  the  following  system  of  -computation  to 
indicate  what  kilowatt  rate  they  can  afford  to  offer  to  different 
classes  of  consumers.  They  figure  the  consumer  charge  at  $9.00 
per  year  plus  $20  per  year  per  horse-power  demanded  plus  two 
cents  per  kw-hour  for  current.  Instead  of  charging  on  this 
basis,  they  find  out  what  the  equivalent  kilowatt  charge  would 
be  and  then  quote  this  as  the  kilowatt  rate. 

J.  F.  DOSTAL 

No.  2ig. — Is  the  Doherty  rate  of  special  value  to  plants  of  small 
size  {22J  consumers)  in  cities  of  jooo  inhabitants  t 

I  can  not  see  that  the  Doherty  rate  system  of  charging  is  of 
special  value  to  small-sized  plants  any  more  than  it  is  to  large- 
sized  plants.  It  is  simply  a  rational  system  of  charging,  which, 
without  further  effort,  discriminates  between  profitable  and 
unprofitable  consumers.  Aside  from  the  question  of  equity,  it 
has  the  advantage  of  making  bills  more  uniform  throughout  the 
year  by  lessening  the  heavy  winter  bills  and  increasing  the 
light  summer  bills.  This  has  resulted  in  lessening  complaints 
from  consumers,  as  the  greatest  dissatisfaction  that  develops 
with  consumers  is  generally  due  to  a  rapid  increase  in  lighting 
bills  in  the  fall  months.  It  also  has  the  advantage  of  develop- 
ing uses  of  current  without  any  great  concessions  in  revenue. 
Assume  that  a  station  is  selling  current  at  15  cents  per  kw-hour 


207 

and  a  change  is  made  to  the  Doherty  rate  system  of  charging 
that  would  be  equivalent  to  a  general  reduction  to  13  cents  per 
kw-hour.  Now,  a  reduction  from  15  cents  to  13  cents  per 
kw-hour  would  not  encourage  the  lavish  use  of  current,  while 
with  the  Doherty  rate  system  of  charging  the  rate  for  current 
would  only  be  five  or  six  cents  per  kw-hour,  and  such  a  marked 
reduction  on  additional  current  can  not  help  but  discourage  the 
rigid  economy  that  now  prevails  among  some  consumers,  and 
can  not  help  but  encourage  the  liberal  use  of  current  for  long- 
hour  lighting,  such  as  show-windows,  signs,  and  similar  pur- 
poses. This  additional  use  of  current  will  cost  the  company 
much  less  than  the  average  use  of  current,  and  as  a  rule  it  will 
not  add  anything  to  the  company's  expense  except  additional 
boiler  fuel.  J.  F.  DOSTAL. 

No.  220. —  When  meters  are  used  by  an  electric-light  plant,  should 
there  be  a  minimum  rate  paid  irrespective  of  the  meter  readings ;  if  so, 
what  should  the  minimum  rate  be  ? 

Yes  ;  $1.00  per  month  for  one-kw  capacity  or  less  in  busi- 
ness places,  and  two-kw  capacity  in  residences,  as  demand 
charge,  yearly  contracts,  adding  at  the  same  ratio  for  increased 
capacity  demand.  GEORGE  L.  COLGATE. 

Yes,  we  charge  15  cents  per  light  per  month. 

FRED.  B.  HUBBELL. 

I  believe  the  only  equitable  system  of  charging  is  to  provide 
for  payment  of  fixed  expenses  incurred  by  the  consumer  regard- 
less of  current  generated,  but  1  recognize  that  the  terms  of  a 
franchise  often  make  it  impossible  to  insist  upon  such  a  system 
of  charging  for  all  consumers.  We  all  know  that  there  are  cer- 
tain expenses  which  bear  no  relation  to  the  amount  of  current 
consumed,  such  as  cost  of  reading  meters,  making  out  bills, 
collecting,  transformer  core  loss,  meter  shunt  loss,  etc.,  etc. 
These  expenses  are  often  in  almost  direct  proportion  to  con- 
sumers' maximum  demand.  This  is  especially  true  of  the  core 
loss  of  transformer.  I  therefore  think  minimum  bill  should  be 
based  on  number  of  lamps  demanded.  One  city  charges  the 
consumers  it  is  supplying  on  meter  basis,  a  minimum  rate  of 
not  less  than  $1.50  per  month  nor  less  than  five  cents  per  month 
per  lamp  installed.  HENRY  L.  DOHERTY. 
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A  minimum  rate  should  always  be  charged  on  meter  service 
to  guarantee  an  income  to  cover  repairs  and  depreciation. 
Below  please  find  the  rates  as  charged,  and  the  minimum  in 
each  case. 

MONTHLY    RATES   FOR    METER   SERVICE 


Watt-hours 


Rate  per  i.ooo  Watt-hours  I  Minimum  Charge 


20,000  or  less 

Over  20,000  to  50,000  .  . 
Over  50,000  to  100,000  . . 
Over  100,000  to  200,000  . 
Over  200,000 


15   Cents 

$1  00 

133^  Cents 

3  00 

12   Cents 

6  75 

iii^  Cents 

12  00 

g}4  Cents 

22  50 

Meters  will  be  rented  to  consumers  at  25  cents  per  month.    A  charg^c  of  $1.00  will   be 
made  for  installing  meters,  which  will  be  rebated  after  six  months  has  been  paid. 

The  minimum  charge  in  every  case  covers  the  meter  rent. 

FRED.   M.  FRIEDBERG. 

We  believe  that  a  minimum  rate  should  be  paid.  Our 
minimum  rate  is  $i.oo  per  month,  and  this  is  charged  whether 
they  use  five  kw-hours  or  nothing. 

F.  ELLWOOD  SMITH. 

There  should  be,  for  all  customers,  a  minimum  rate  equiva- 
lent to  standing  charges  against  the  equipment  that  their 
installation  demands.  In  our  business  we  own  the  meters  and 
arc  lamps,  and  make  a  minimum  charge  of  $2.00  per  arc  lamp, 
10  cents  per  i6-cp  incandescent,  but  with  no  minimum  less  than 
$1.50  except  in  case  of  residence  using  six  lights  or  less,  where 
we  make  a  minimum  of  $1.00. 

F.  L.  WILLIAMSON  &  CO. 

JVo.  221. — Should  the  minimum  rate  be  the  same  in  a  summer 
resort,  where  one-half  to  Jive-eighths  of  the  lights  are  used  for  three 
or  four  months  in  the  summer  by  customers  whose  winter  bills  are  not 
more  than  10  per  cent  of  the  summer  bills  ;  if  not,  what  should  the 
minimum  rate  be  in  such  a  town? 

Increase  rates  50  per  cent  for  summer  load. 

GEORGE  L.  COLGATE. 

There  are  two  plants  operating  in  this  town.  Both  of  them 
charge  summer  customers  (about  50)  25  per  cent  more  than  12- 
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month  customers.     The  other  company  initiated  this  practice 
and  it  continues. 

THE  SOUTHAMPTON  ELEC.  LT.  CO. 

No.  222. — li  it  good  practice  to  charge  summer  customers^  or 
three  and  four-month  customers^  the  same  rate  as  12-month  customers; 
if  noty  what  is  the  best  method  of  charging  for  such  customers  ? 

Three  and  four-month  customers  should  always  pay  more 
than  12-month  customers.  The  best  rates  depend  on  conditions, 
but  our  usual  practice  is  to  allow  the  latter  about  25  per  cent 
better  discounts  than  the  former.  EDITOR. 

We  make  no  difference. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

N'o.  22 J, —  Will  it  not  be  necessary  to  discriminate  in  the  rates  for 
the  dijferent  types  of  illuminants  where  the  operating  company  owns 
lamps  and  furnishes  reneivals^  if  the  cost  of  maintenance  per  kw-hour 
varies  greatly  ? 

It  is  desirable  to  discriminate  in  the  rates  for  illuminants  of 
different  kinds  that  vary  greatly  in  cost  of  maintenance,  but  it 
is  not  always  practical.  For  instance,  the  constant-potential 
arc  lamp,  which  costs  considerably  more  for  maintenance  than 
an  equivalent  capacity  in  incandescent,  is  generally  used  for 
fighting  Welsbachs,  or  for  catching  some  customer  who  must 
have  cheap  light,  and,  in  consequence,  where  there  is  any  differ- 
ence in  meter  rates,  those  for  arc  lighting  are  usually  the  lower. 

EDITOR. 

We  should  say  that  the  simplest  way  is  not  to  furnish 
special  types  of  illumination  unless  the  customer  pays  some- 
thing for  the  lamp. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  224. — In  changing  from  an  overhead  to  an  underground 
system^  what  is  the  best  practice  with  regard  to  charging  for  new 
underground  house  connections  f 

You  will  probably  find  that  it  will  be  impossible  for  you  to 
charge  customers  for  changing  to  underground  connections  with- 
out arousing  antagonism  that  will  cost  you  more  in  the  long  run 
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than  the  cost  of  connections.  If  it  is  possible  to  do  so,  charge 
them  for  all  labor  and  material  used.  If  not,  make  an  average 
charge  per  foot  of  service  line.  This  will,  of  course,  be  too  high 
in  some  cases  and  too  low  in  others,  but  it  has  the  advantage 
that  the  customer  can  know  in  advance  exactly  what  he  will  be 
called  upon  to  pay.  EDITOR. 

We  have  never  made  any  charge  for  new  connections  of  this 
kind. 

THE  JEDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No.  22^. —  What  has  been  the  experience  of  water-power  plants 
with  the  maximum-  demand  flat  rate^  controlled  by  a  Lacey  controller ^ 
or  similar  device  f 

An  experience  of  about  six  months  with  the  Lacey  con- 
troller would  indicate  that  it  furnishes  the  best  means  thus  far 
put  on  the  market  to  deal  with  flat  rates.  As  to  its  reliability 
in  the  matter  of  keeping  in  adjustment,  our  limited  experience 
will  not  allow  us  to  state,  as  we  have  not  yet  made  a  systematic 
inspection  of  it.  That  those  set  up  thus  far  have  remained  in 
adjustment  is  likely,  as  we  have  had  no  complaint  of  the  limit 
of  any  customer  having  been  cut  down.  Common  sense  would, 
however,  dictate  that  this  instrument,  the  same  as  any  other 
device  for  measuring  current,  should  not  be  allowed  to  go  for  an 
indefinite  time  without  inspection  and  test.  Inspection  in  Sep- 
tember, November  and  January,  and  probably  in  May,  would  be 
sufficient. 

Its  makers  would  add  to  the  popularity  of  the  instrument 
by  getting  up  a  convenient  and  portable  apparatus  for  verifying 
the  controller  without  disturbing  its  setting  or  connection.  A 
testing  box  equipped  with  standard  lamps  or  some  other  suitable 
load,  with  an  indicating  wattmeter  or  an  ammeter  and  voltmeter 
attached,  and  a  connecting  device  that  would  admit  of  the  outfit 
being  quickly  attached  to  the  circuit  near  the  controller,  would 
probably  fill  the  bill. 

In  setting  the  controller  it  must  be  adjusted  to  carry  the 
load  contracted  for  at  the  extreme  voltage  to  which  the  circuit 
is  subjected,  otherwise  the  controller  will  strip  when  the  voltage 
rises  without  having  more  than  the  rated  number  of  lanrps  in 
circuit.  Our  average  setting  allows  about  60  watts  to  a  i6-cp 
lamp. 
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One  effect  of  the  use  of  the  controller  is  to  bring  home  to 
the  average  customer  that  there  is  a  wide  range  in  the  efficiency 
of  lamps.  Our  contract  is  made  in  terms  of  i6-cp  lamps,  gov- 
ernment standard,  and  the  customer  distributes  his  current  to 
his  own  best  advantage. 

THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

No,  226. —  What  is  the  relative  value  of  good  gas  per  jooo  feet  for 
illuminating  purposes,  when  used  with  the  best  Welsbach  burners^  as 
compared  with  electric  current  at  Jj  cents  per  kw-hour^  used  in  j.ywatt 
incandescent  lamps ;  the  customer  buying  his  own  mantles^  chimney s^ 
etc.y  but  the  incandescent  lamps  being  furnished  free  by  the  electric-light 
company  ? 

(Answers  to  question  No.  226  were  read  in  executive 
session.) 

No.  22  J, — How  far  should  dectric-light  and  power  companies  go 
in  the  matter  of  statistics  ? 

Our  idea  is  that  individual  records  should  be  kept  for  each 
detail  of  the  business  when  the  results  therefrom  show  a  saving 
over  the  expense  of  recording  these  data.  We  favor  a  card- 
system  record  for  each  branch  of  operation,  which  will  show  all 
the  points  necessary  to  give  a  complete  history  of  the  case,  for 
the  purpose  of  comparison  at  stated  periods.  Our  experience 
with  this  plan,  so  far  as  we  have  carried  it,  is  that  the  results 
have  been  very  gratifying,  more  than  paying  for  the  time  and 
expense  necessary  to  keep  them  up.  Such  records,  properly 
kept  and  inspected,  are  an  incentive  to  develop  the  best  there  is 
in  an  employee  ;  many  of  whom  become  more  or  less  careless 
through  apparent  indifference  of  the  responsible  parties. 

S.  S.  INGMAN. 

This  is  a  difficult  question  to  answer  in  this  form,  as  it 
would  depend  almost  entirely  on  the  size  of  the  company  and 
the  territory  in  which  it  was  operated. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

N^o,  228. — Does  the  use  made  of  daily  load  diagrams  of  station- 
generated  and  substation-distributed  outputs  warrant  their  cost  ? 

All  practical  objects  in  keeping  load  diagrams  would  be 
fully  served  by  typical  diagrams  of  some  one  day  out  of  each 
week,  or  even  one  day  out  of  every  month.  EDITOR. 
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We  believe  it  does. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No,  22g. —  W/iat  is  the  best  method  of  meeting  gas-arc  and 
IVelsbach  competition  with  gas  at  $1.2^  per  1000  feet? 

Multiple  alternating  arcs  on  meter,  the  company  furnishing 
lamps  and  charging  minimum  of  $2.50  per  arc  lamp  per  month, 
yearly  contracts.  GEORGE  L.  COLGATE. 

Use  Nernst  or  Meridian  lamps  on  flat  rates.  These  lamps 
give  a  much  more  agreeable  light  than  the  Welsbach,  in  units  of 
about  the  same  capacity,  while  they  have  many  obvious  advan- 
tages. Or  use  inclosed-arc  lamps  on  flat  or  meter  rates.  If  you 
can  get  your  customer  to  try  one  in  comparison  with  the  Wels- 
bach,  he  will  be  greatly  impressed  by  the  contrast  in  the  color, 
as  the  peculiar  greenish  shade  of  the  Welsbach  seems  to  be 
intensified  by  the  blue  of  the  arc  lamp. 

Don't  run  down  the  Welsbach,  but  content  yourself  with 
pointing  out  the  good  qualities  of  your  own  light.  Don't  try 
to  prove  that  electricity  will  be  the  cheaper  of  the  two,  for  it 
won't.  Begin  your  campaign  against  Welsbachs  as  the  hot 
weather  comes  on,  and  the  advantages  of  fans  and  a  cooler  form 
of  illumination  become  evident.  EDITOR. 

No.  2 JO. —  Would  it  not  be  a  good  idea  for  the  association  to 
establish  a  bureau  of  advertising  to  suggest  forms  for  local  advertising 
to  secure  business  of  lightings  power ^  etc.,  and  to  furnish  these  from 
time  to  time  to  the  members  ?  It  would  also  be  a  good  plan,  in  the 
interests  of  the  larger  stations,  for  this  bureau  to  keep  in  touch  with 
capable  electricians  and  other  high-class  employees. 

We  believe  each  town  should  have  its  own  local  advertising 
bureau,  as  conditions  in  different  towns  might  vary  materially. 
It  would  probably  be  ^  distinct  advantage  if  these  advertising 
bureaus  of  different  localities  had  some  means  of  exchanging 
ideas. 

THE  EDISON  ELEC.  ILL'G  CO   OF  BOSTON. 

No,  2JI. —  What  methods  of  advertising  and  soliciting  are  found 
to  be  most  successful  in  obtaining  new  business  1 

Unique  and  catchy  advertisements  in  local  publications,  as 
well  as  a  prominently  located  show-window  liberally  stocked 
and  well  placarded  with  interesting  informatioa.      Automatic- 
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ally  operated  changeable  displays  (cut  out  the  red,  white  and 
blue  lamp  "gag")  are  attractive  when  attached  to  some  useful 
appliance.  In  connection  with  the  above,  it  is  well  to  have  a 
plausible  "  buttonholer,"  who  can  interest  progressive  people 
without  exaggeration. 

One  of  the  best  advertisements,  as  well  as  the  least  expen- 
sive, is  a  well-pleased  customer.  GUY  C.  GUM. 

A  house-to-house  canvass  and  a  heart-to-heart  talk. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Of  the  many  methods  tried  and  adopted  by  our  company, 
we  have  concluded  that  the  method  of  circular  letters  sent  out 
at  regular  intervals  has  shown  the  most  noticeable  results. 
About  a  year  ago  we  sent  a  series  of  six  large  postal  cards  to 
all  our  electrical  consumers.  The  card  was  gotten  up  in  attract- 
ive style,  with  a  cut  on  one  end  of  the  card  and  the  reading 
matter  in  a  bold  handwriting.  We  called  their  attention  to  our 
rates  for  lighting  and  the  purposes  for  which  it  could  be  used^ 
and  there  was  a  direct  and  noticeable  increase  in  the  sales  of 
current.  Next  to  this,  and  probably  nearly  as  important,  is  the 
personal  solicitation.  We  have  our  city  divided  into  districts, 
and  a  man  is  assigned  to  each  territory.  It  is  his  duty  to  call 
regularly  on  all  consumers  and  find  out  their  needs  and  endeavor 
to  supply  them.  We  find  great  advantage  in  this,  in  that  the 
solicitor  will  hear  of  complaints  or  imaginary  grievances  of 
some  consumer,  which  he  is  able  to  straighten  out  and  adjust  in 
a  few  minutes'  conversation  and  which,  if  he  did  not  take  up 
and  adjust,  would  lead  to  trouble  and  dissatisfaction.  We  are 
making  it  our  chief  aim,  first,  to  satisfy  all  consumers,  and, 
second,  to  increase  our  sales.  Newspaper,  street-car  and  bill- 
board advertising  have  all  been  tried  and  continued  and  the 
results  from  them  have  been  gratifying,  but  it  is  much  more 
difficult  to  locate  or  realize  the  results  from  this  class  of  adver- 
tising. We  have  striven  to  keep  the  appearance  of  our  office 
noticeably  attractive.  At  night  it  is  brilliantly  illuminated  from 
the  roof  to  the  bottom  of  the  windows.  On  the  roof  we  have  a 
large  electric  sign,  the  reading  on  which  we  change  continually. 
All  the  windows  are  lighted  up  and  h^ve  a  constantly  changing 
display  of  appliances  or  fixtures.  The  inside  of  the  office  is 
kept  lighted,  so  that  people  passing  will  take  notice  of  it.  At 
the  bottom  of  each  window  we  have  a  large   plate,  which  is 
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lighted  up  from  the  rear,  and  on  this  we  have  advertising  sen- 
tences. I  believe  that  all  forms  of  advertising  or  publicity  will 
bring  results  to  a  lighting  company,  but  those  that  attract  the 
attention  of  the  consumer  to  some  definite  feature,  and  that  are 
done  in  a  s}Stematic  manner  and  continued  without  interrup- 
tion, will  show  the  best  results.  We  therefore  are  partial  to  the 
system  of  mail  advertising  and  personal  solicitation. 

FRANK  W.  FRUEAUFF. 

The  best  method  of  advertising  is  as  follows  : 

I  St.  Give  a  good  light. 

2d.  Be  courteous  and  kind  ;  both  officers  and  employees. 

3d.  Always  give  satisfaction  as  far  as  possible  in  all  depart- 
ments. 

4th.  Use  a  small  amount  of  printer's  ink. 

fth.  Make  your  charges  as  low  as  possible,  and  do  not  dis- 
criminate in  vour  rates. 

As  to  soliciting;  it  is  a  poor  policy  in  small  towns.  A  per- 
son coaxed  to  use  light  thinks  that  in  so  doing  he  does  you  a 
favor,  I  have  found  in  some  instances  that  a  personal  letter 
address<;d  to  prospective  users,  calling  their  attention  to  our 
iighting.  has  met  with  some  success,  but  this,  more  especially, 
in  having  new  buildings  wired. 

FRED.  M.  FRIEDBERG. 

Xo.  2J2. — Oui-idt:  of  cultivating  a  day  load  by  supplying  poivtr^ 
^ihit  i:  (•fing  done  gent  rally  tou-ard  encouraging  tnc  use  of  summer 
current  :y  water  -p  0  lucr  pi  a  nts  / 

In  the  case  of  this  company,  in  addition  to  making  fans  a 
feat  ; re  during  hot  weather,  the  use  of  electric  irons  for  house- 
hoM  laundry  purposes  is  being  pushed  as  much  as  possible. 
Their  convenience  and  comfort  in  hot  weather  are  continuously 
adv^rrtised.  The  irons  are  exhibited  and  their  operation  shown 
at  the  company's  office.  The  irons  are  sold  and  proper  con- 
nections put  in  virtually  at  cost,  and  in  the  case  of  meter  cus- 
tomers special  rates  are  made  to  cover  current  used  in  ironing, 
in  the  following  ways  : 

To  our  customers  who  have  been  connected  for  more  than 
one  year,  all  current  used  during  the  summer  months,  from  April 
first  to  October  first,  in  excess  of  the  consumption  for  the  cor- 
responding months  of  the  previous  year,  is  charged  at  half  rates. 

New  customers,  who  have  no  previous  year's  record  with 
which  to  compare,  are  charged  at  half  rates  for  all  current  in 
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excess  of  50  watts  per  day  per  lamp  of  their  maximum  demand, 
between  the  first  of  April  and  the  first  of  October. 

Maximum-demand  flat-rate  customers  whose  contracts  do 
not  call  fpr  sufficient  capacity  to  operate  an  iron  (from  4.5  to 
five  amperes)  may  have  their  controllers  specially  set  between 
the  fifteenth  of  March  and  the  fifteenth  of  September,  by  paying 
a  fixed  monthly  charge  for  the  service. 

In  this  way  a  growing  demand  is  being  cultivated  for  cur- 
rent for  which  there  was  previously  no  particular  call.  In  the 
case  of  the  foregoing,  however,  as  in  other  matters,  local  con- 
ditions vary  a  great  deal,  and  while  the  above  methods  suit  the 
conditions  in  this  place,  there  might  be  objections  to  them 
elsewhere. 

THE  SHERBROOKE  PR.,  LT.  AND  HT.  CO. 

No.  2JJ. —  What  is  the  best  method  of  illustrating  the  superiority 
of  electric-arc  lighting  with  reference  to  general  illumination  ^  matching 
colors,  etc.,  in  form  of  circular  or  card  that  can  be  kept  prominently 
before  the  public  ?  In  other  ivords,  can  a  card  or  circular  be  printed 
in  several  colors;  each  color  labeled,  and  instructions  be  printed  on  the 
card  for  viewing  same  under  various  lights,  noting  the  difference  in 
appearance  under  each  and  in  daylight  ?  What  colors  should  be  used 
for  best  results  in  comparisons  between  electric  and  gas  arcs? 

In  order  to  bring  out  prominently  the  superiority  of  the 
electric  arc  light  for  color  matching  and  selection,  three  instru- 
ments have  been  designed,  namely,  the  photochromoscope,  lumi- 
chromoscope  and  the  parachromoscope.  With  any  one  of  these 
instruments  a  prospective  customer  can  compare  the  effects 
of  different  lights  on  colored  fabrics.  '  For  instance,  the 
lumichromoscope  is  so  arranged  that  the  light  from  four 
sources,  namely,  the  arc,  Nernst,  Welsbach  and  incandes- 
cent, fall  simultaneously  on  to  the  material  under  examina- 
tion. Each  light  forms  a  patch  two  and  one-half  inches  square, 
with  a  black  border  separating  the  squares  so  as  to  reduce 
simultaneous  contrast  and  gradation.  Colored  plates  are 
being  reproduced  from  these  instruments  and  will  be  printed  in 
book  form.  Reduced  colored  charts  will  also  be  printed  on 
small  cards,  on  the  reverse  side  of  which  will  be  given  general 
illuminating  engineering  data  for  high-class  mercantile  lighting. 
The  colors  that  should  be  used  for  the  most  striking  contrasts 
in  comparison  between  the  electric  and  gas  arc  are  violets,  blues 
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and  yellows,  containing  a  rather  small  percentage  of  green. 
The  general  color  value  of  arc  lights  is  best  illustrated  by  show- 
ing all  the  principal  colors,  namely,  red,  orange,  yellow,  green, 
blue,  indigo  and  violet. 

The  lumichromoscope  and  parachromoscope  will  be  in  oper- 
ation at  the  convention.  W.  D'A.  RYAN. 

No.  2 J 4. — How  can  central  stations  best  dispose  of  electrical  or 
other  apparatus  that  is  too  small  for  ^  or  tiot  otherwise  suited  to,  present 
or  future  requirements  ? 

I  would  suggest  that  each  individual  member — company  or 
corporation — make  up  a  list  of  such  materials  on  hand  as  he 
may  desire  to  dispose  of,  forwarding  said  lists  to  the  association 
headquarters,  to  be  kept  on  file.  When  any  one  is  in  need  of  a 
second-hand  engine,  boiler,  pump,  lamp,  transformer,  or  any 
other  apparatus,  he  could  obtain  same  through  the  association, 
thus  saving  the  second-hand  dealer's  profit  to  the  seller  and 
buyer,  both  of  whom,  belonging  to  the  association,  would,  or 
should,  deal  with  each  other  squarely,  whereas  at  present  the 
second-hand  dealer  asks  Tom  $100  for  what  cost  him  $10  and 
offers  Dick  $10  for  what  is  worth  $100,  which  is  one  reason  why 
so  many  small  electric-light  plants  go  out  of  business — having 
been  sucked  to  death  by  the  jobber  in  electrical  apparatus. 

A.  C.  HOPE. 

By  bringing  their  wares  before  the  eyes  of  the  constituency 
by  liberal  advertising  in  the  electrical  journals  ;  or,  better  yet, 
by  the  National  Electric  Light  Association's  maintaining  an 
exchange  bureau,  open  to  every  central  station. 

GUY  C.  GUM. 

The  best  way  to  dispose  of  electrical  apparatus  too  small  or 
otherwise  not  suited,  is  to  print  small  circulars  and  mail  to  such 
plants  as  are  likely  to  need  the  same.  Size  of  plants,  and  all 
needed  information  can  be  obtained  from  Powers'  Directory. 

FRhD.  M.  FRIEDBERG. 

No.  2j§. —  What  is  the  most  equitable  method  of  arriving  at  the 
selling  price  of  a  small  electric-lighting  plant  which  cost  $18^000  ; 
gross  earnings^  $6000  per  year^  increasing  all  the  time  :  operating 
expenses,  taxes  and  repairs,  $jooo ;  net  earnings,  $jooo.  Muni- 
cipality wafits  to  buy  for  $18,000— cost  of  plant.  Lighting  company 
wants  $jo,ooo,  at  which  price  plant  would  be  10  per  cent  on  investment. 
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Which  is' the  equitable  price ^  or  should  some  other  price  be  made^  and  if 
sOy  how  would  you  arrive  at  same? 

The  only  equitable  method  for  arriving  at  the  selling  price 
of  an  electric-lighting  plant  is  on  the  basis  of  the  net  earnings, 
as  the  business  the  company  has  spent  time  and  money  in  work- 
ing up  is  quite  as  much  an  asset  as  the  apparatus.  Estimate 
the  amount  of  repairs  and  renewals  necessary  to  put  the  plant 
in  first-class  condition.  Capitalize  the  plant  on  the  basis  of  a 
certain  percentage  of  its  net  earnings,  and  subtract  the  estimated 
cost  of  repairs  and  renewals,  to  arrive  at  the  proper  selling  price.. 
For  example,  in  the  case  cited,  if  the  company*  is  capitalized  on 
a  lo-per-cent  basis,  the  price  would  be  $30,000,  and  if  $3000  are 
required  for  immediate  repairs  and  renewals,  the  equitable  price 
for  the  plant  would  be  $27,000.  EDITOR. 

It  is  difficult  to  state  what,  in  all  cases,  is  the  most  equitable 
method  in  arriving  at  the  selling  price  of  a  small  electric-lighting 
plant,  but  the  following,  in  many  cases,  appears  to  be  fair  to 
both  the  purchaser  and  seller.  A  plant  should  sell  for  a  sum 
that  would  earn  a  reasonable  interest  on  the  investment,  and 
not  necessarily  for  what  it  cost,  for  an  electric-light  business, 
exclusive  of  the  physical  property,  frequently  represents  a  great 
deal  of  hard  labor  and  careful  management  and  has  an  intrinsic 
value. 

Assuming  six  per  cent  to  be  a  fair  rate  of  income  on  the 
investment,  and  five  per  cent  on  the  plant  cost  to  be  a  proper 
rate  for  depreciation,  add  to  the  cost  of  the  plant,  which  in  this 
case  is  $18,000,  an  amount  that  will  place  the  property  in 
physical  condition  so  that  five  per  cent  on  the  total  will  provide 
a  sufficient  depreciation  fund,  and  this  plant  would  be  worth 
$31,000,  as  follows  : 

Gross  Earnings $6000 

Operating  Expenses,  including  Taxes  and  Insurance  . . .     3000 

Net  Earnings $3000 

Depreciation,  Five  percent  on  $20,000  ($2000  being  neces- 
sary to  put  the  plant  in  physical  condition) 1000 

Surplus  Earnings ^ $2000 

Which  amount  is  Six  per  cent  on $33«ckk> 

Less  amount  necessary  to  place   plant  in 

physical  condition 2000 

Value  of  property $31,000 

E.  H.  MATHER. 
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No,  2j6. — Is  it  a  good  investment  in  a  small  electric-light  plant 
running  from  dusk  to  dawn^  to  install  an  exhaust-steam-heating  system 
to  sell  exhaust  steam  ? 

The  greater  part  of  the  heat  required  from  such  a  plant 
would  be  needed  during  the  day  when  you  have  no  exhaust 
steam  to  sell.  During  the  early  part  of  the  night  you  would 
doubtless  have  more  than  would  be  necessary,  but  during  the 
latter  part  you  would  not  have  enough.  You  would  probably 
find  that  the  first  cost  and  the  repairs  on  your  steam-heating 
system  would  be  excessive  in  comparison  with  the  returns. 

EDITOR. 

JVo.  2jy. —  IVould  it  not  be  profitable  for  the  members  of  this  asso- 
ciation to  organize  a  mutual  insurance  company  ? 

We  believe  that  a  mutual  fire-insurance  company  could  be 
organized  to  cover  electric-light  plants  only,  which  would  be  of 
decided  benefit  to  the  members.  We  are  sure  that  such  a 
mutual  company  would  reduce  the  cost  of  insurance  very 
materially  and  that  the  experience  of  a  few  years  would  bring 
out  many  facts,  the  recognition  of  which  would  be  of  much 
benefit  to  all  concerned. 

We  operate  a  flour  mill,  and  carry  all  our  insurance  in 
mutual  companies.  Each  company  has  a  regular  inspector  who 
visits  us  frequently  and  makes  a  thorough  inspection  of  our 
property.  This  inspector  notes  things  that  may  have  escaped 
the  notice  of  the  regular  employees  and  calls  to  our  notice 
things  that  need  attention.  We  believe  these  inspectors  are 
worth  to  us  fully  half  what  our  insurance  costs,  as  this  is  a  case 
where  prevention  is  far  better  than  any  possible  cure  that  fire 
insurance  may  be.  We  believe  there  should  be  several  classi- 
fications, made  according  to  the  relative  risks. 

F.  L.  WILLIAMSON  &  CO. 

We  should  think  it  would  not  be  profitable. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

Mr.  J.  D.  Gerlach,  manager  of  the  Chester  Light,  Water  and 
Ice  Co.,  of  Chester,  111.,  has  had  some  valuable  experience  with 
such  an  organization  as  is  suggested  in  question  237,  which  he 
will  be  glad  to  communicate  to  any  member  who  is  interested 
in  the  matter.  EDITOR. 
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No.  2^1. —  Will  you  describe  a  cheap  and  convenient  method  of 
reproducing  maps  and  other  drawings  where  there  are  no  facilities  for 
blue-printing  f 

I  have  frequently  made  one  reproduction  by  the  very  ordi- 
nary method  of  using  carbon  paper  and  going  over  the  drawing 
with  a  stylus.  This,  however,  is  very  laborious,  and  can  hardly 
be  recommended.  GEO.  B.  LAUDER. 

We  have  used  with  a  great  deal  of  satisfaction  a  kind  of 
gelatinous  copying  pad  for  copying  maps  and  parts  of  maps  as 
desired,  the  copy  being  taken  with  special  ink  made  for  this  pur- 
pose, care  being  taken  not  to  blot  the  ink,  as  it  does  not  erase 
easily.  When  the  copy  is  dry,  use  the  gelatinous  copying 
pad  and  make  as  many  as  50  copies  from  the  first  one  impres- 
sioned,  when  this  can  be  cleaned  off  and  the  original  placed 
again,  allowing  it  to  remain  some  time  longer  on  the  pad,  when 
another  lot  of  about  50  copies  may  be  secured.  We  use  a  large 
sheet  of  glass  laid  on  a  frame  to  take  the  place  of  a  drawing 
table,  under  which  is  a  bank  of  incandescent  lamps,  which 
allows  ample  facilities  for  taking  a  copy  from  any  map  or  blue 
print.  The  map  and  the  blank  paper  of  good  quality  are  held 
in  place  by  numerous  paper-weights,  the  room  being  darkened 
in  making  the  copy  from  the  original.  The  use  of  white  paper 
instead  of  blue  gives  ample  facilities  for  several  colors  of  ink^ 
if  necessary,  as  well  as  the  use  of  pencil  to  show  the  work 
desired  to  be  laid  out  of  which  a  record  is  to  be  kept. 

E.  B.  GREENE. 

We  know  of  no  way  except  to  trace  the  map  or  drawing. 
Facilities  for  blue-printing  are  so  simple  that  we  can  not  see  any 
reason  why  they  should  not  be  present  wherever  there  is  any 
need  for  them. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

JVo,  2^2. —  Why  should  electric-light  carbons  take  such  a  high 
freight  rate  ;  or^  rather ^  why  should  they  not  take  the  same  rate  as 
other  commodities  of  equal  value  and  risk  ? 

The  question  of  excessive  freight  rates  on  electrical  ap- 
paratus was  for  several  years  in  charge  of  a  committee  of  the 
association,  of  which  Mr.  James  I.  Ayer  was  chairman.     In  spite 
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of  all  efforts  to  obtain  a  reasonable  reclassification,  it  was  found 
impossible  to  accomplish  anything.  A  statement  of  the  work  of 
the  committee  will  be  found  in  the  proceedings  of  the  conven- 
tions of  1899  and  1901. 

The  attitude  of  the  railroads  is  sufficiently  indicated  by  the 
following  letter  from  the  Central  Traffic  Association,  which 
represents  the  eastern  lines  : 

"  In  reply  to  your  inquiry  I  have  to  advise  you  that  the 
Classification  Committee  is  of  the  opinion  that  the  rating  in 
question  applying  upon  electric-light  carbons  is  not  unreason- 
able, especially  so  in  comparison  with  the  classification  for  elec- 
trical fixtures  and  machinery.     Yours  truly, 

*'  C.  E.  Gill, 
"Chairman  Official  Classification  Committee. 
''July  27th,  1903." 

EDITOR. 


A\k  2JJ. —  What  is  the  best  method  hy  which  to  combat  the 
^''friendly  feeling "  among  the  three  largest  builders  of  electrical 
machinery  ? 

There  seems  to  be  none  yet  discovered,  in  the  majority  of 
cases.  Take  your  medicine  and  say  nothing,  is  the  best  way,  so 
far  as  I  can  learn  at  present,  GEO.  B.  LAUDER. 

We  should  say  the  only  method  to  pursue  would  be  to  buy 
everything  possible  from  the  smaller  concerns. 

THE  EDISON   ELEC.  ILL'G  CO.  OF  BOSTON. 


Having  been  employed  by  one  of  the  "  three  largest  builders 
of  electrical  machinery"  for  about  15  years,  experience  has 
taught  me  there  is  no  need  10  **  combat  "  that  "  friendly  feeling," 
and  I  would  suggest  in  answer  to  this  question,  as  a  remedy, 
**Pour  oil  on  troubled  waters."  In  other  words,  if  you  use 
them  well,  you  will  find  they  will  do  the  same  by  you.  The 
following  were  my  instructions:  "  Use  everybody  right,  politely, 
and  alike."  Therefore,  let  us  attend  to  the  electric-lighting  and 
power  business,  and  let  them  build  their  machinery,  and,  when 
they  charge  too  much,  build  it  yourself. 

FRED.  M.  FRIEDBERG. 
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No.  2^4. —  With  very  few  exceptions^  lightning  will  travel  to 
station  against  direction  of  series  current.     What  is  the  reason  of  this  t 

* 

We  have  not  found  it  so  ;  but  we  would  suggest  that  there 
was  probably  a  ground  on  the  positive  side,  close  to  the  station* 
or  some  other  local  trouble. 

To  be  frank,  we  have  had  very  little  time  in  which  to  find 
out  which  way  lightning  travels.  Our  experience  has  been  that 
it  generally  does  as  it  pleases  unless  you  are  using  a  first-class, 
time-tested  arrester.  We  protect  both  lines  of  series  circuits 
with  choking  coil  of  high  inductance  and  low  resistance,  placing 
arresters  on  line  side  of  coils.  As  yet  we  have  not  had  lightning 
to  pass  this,  and  it  becomes  rather  unpleasant  in  this  section  of 
the  country  in  July  and  August.  W.  B.  BLOXHAM. 

Since  we  know  nothing  of  where  the  lightning  discharge 
originates,  and  since,  as  we  generally  encounter  it  in  conductors, 
it  is  an  alternating  discharge,  I  presume  that  the  question  is 
intended  to  mean,  Why  is  it  that  the  leg  of  the  circuit  containing 
the  series  coil  is  the  one  damaged  by  lightning?  This  is  alto- 
gether a  matter  of  arrangement  and  of  local  conditions.  If,  for 
instance,  we  take  a  railway  generator  with  the  series  coil  on  the 
trolley  side  of  the  system,  it  is  obvious  that  any  oscillating  dis- 
charge affecting  the  line  wire  will  tend  to  make  its  earth  con- 
nection through  the  frame  instead  of  through  the  windings  of 
the  machine,  because  of  the  inductance  of  the  latter.  This 
means  in  practice,  since  the  series  coil  is  nearest  the  line,  that 
the  lightning  will  spit  off  from  the  series  coil  to  the  frame  in 
order  to  effect  the  required  connection  with  the  ground.  If  the 
series  coil  were  included  in  the  grounded  leg  of  the  circuit,  the 
effects  would  probably  be  quite  different.  The  disturbances, 
of  course,  reach  us  primarily,  except  in  very  few  instances, 
through  the  overhead  conducting  system. 

JOHN  F.  KELLY. 

No.  25j. —  Why  not  request  dealers  in  the  far  East  of  the  United 
States  always  to  send  a  net  price  list  with  advertisements  sent  to  the 
extreme  West  of  the  United  States^  and  thus  avoid  a  season's  delay  ? 

As  it  takes  six  to  eight  days  to  get  a  letter  from  New  York 
to  the  west  of  Oregon,  it  takes  as  long  to  get  the  answer  back 
to  New  York.      It  takes  six  or  eight  weeks  to  get  freight  from 


222 

the  same  place  to  the  west  of  Oregon.  Therefore,  dealers  who 
are  advertising  their  wares  fitted  or  adapted  for  the  seasons^ 
should  in  all  cases  give  discounts  or  net  p>rices. 

All  dealers,  in  sending  advertisements  to  the  electrical 
trade,  should  always  give  their  net  prices  and  terms.  A  person 
contemplating  a  purchase  of  material,  say  something  new 
(which  we  are  all  looking  for),  will  notice  the  advertisement, 
and,  unless  it  is  something  extraordinary,  will  put  the  advertise- 
ment in  the  waste-basket  rather  than  wait  two  weeks  for  aa 
answer,  by  which  time  it  is  forgotten. 

FRED.  M.  FRIEDBERG. 

No.  2§6. —  What  bearing  on  the  electrical  industry  and  its  oper- 
ation has  the  employment  of  boys  or  young  men  of^  say^  eighteen^  of  no 
skill  or  experience ;  grammer-school  graduates  of  limited  education^ 
with  one  or  more  years'  experience  in  mechanical  work  of  some  kind  f 

We  do  not  see  that  the  electrical  industry  would  differ  from 
any  other  industry  in  this  respect. 

THE  EDISON  ELEC.  ILL'G  CO.  OF  BOSTON. 

No,  257. —  What  is  to  be  the  result  of  the  agitation  throughout  the 
country  regarding  municipalities  entering  the  lighting  business  ? 

The  report  of  the  United  States  Government,  as  a  result  of 
its  recent  canvass  of  the  electrical  plants,  should  prove  a  valuable 
contribution  to  this  subject.  The  agent,  while  at  our  place,  said 
that  he  had  great  difficulty  in  getting  the  necessary  data  from 
nearly  all  the  plants  operated  by  municipalities,  not  because 
they  desired  to  withhold  it,  but  because  they  had  no  records,^ 
while  the  reverse  was  the  case  where  plants  were  operated  by 
private  parties.  S.  S.  INGMAN. 
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bmarine,   switchboard 
an    insulated    wire    is 


For  underground,  aerial, 
and,  in  fact,  general  use,  wh 
required,  it  has  no  equal. 

This  is  the  unanimous  opinion  of  Electrical  Engi- 
neers and  Station  Managers  all  over  the  country,  after 
years  of  use  under  the  most  exacting  conditions. 

ONLY  ONE  GRADE  MANUFACTURED 
AND  THAT  THE  BEST 

Therefore,  in  buying  "Okonite"  no  chances  are 
taken  of  being  supplied  with  an  inferior  article  to 
meet  a  "cut"  in  price. 

A  fact  which  cannot  be  loo  strongly  emphasized 
is  that  a  low  grade  of  wire  is  not  only  a  source  of 
danger  and  an  annoyance,  but,  in  the  end.  of  far 
greater  expense  than  a  high  grade. 


MORAL; 
USE 

'OKONITE' 


PRICES  ON  APPLICATION 

Manufacturers  also  of  Okonite  Tape,  Manson  Tape, 
Candee  Weather-proof  Wires  and  Candee  Patented 
Pot  Heads. 

THE    OKONITE    COMPANY 


253    BROADWAY,  NEW  YORK 


J 


National  Carbon  Co. 

CLEVELAND,  OHIO 


Columbia  Carbons 


FOR    ENCLOSED    ARC    LAMPS 


Columbia  Batteries 

FOR  AUTOMOBILES,  TELEPHONES  AND 
EVERYTHING   NEEDING   BATTERIES 


Columbia  Brushes 

FOR     MOTORS,    GENERATORS    AND 

DYNAMOS 


Ixiv 


THE  ELECTRIC  STORAGE 
BATTERY  COMPANY 

Philadelphia 


;   MANlFACTtlRER  01    THE  : 


Cblorifee  Hccumulator' 


Central  Station  Lighting  and 
Power  Plants 

Isolated  Lighting  and  Power 

Electric    Railway    Power   and 
Sub  Stations 

Telegraph,   Fire  Alarm,   Tele- 
phone, Etc. 

Send  for  Descriptive  Bulletins  and  Price  Lists 

Sale*  Offices 


HAVINA,  CUBA 
F.  GrecTiwDatf,  Manig 
34  Empedrads  Si. 


»1 

1 

FORT  WAYNE 

ELECTRIC 

WORKS 

Hanufactures  "Wood"  Sys- 

tems for   Electric   Lighting 

and  Power  which  include  all 

apparatus  for  supplying  the 

largest    city  with    light  or 

equipping  the  largest  factory 

with    electric    drive,    from 

generators     in     the     power 

house    to    arc    lamps    and 

motors  in  street  or  factory 

Main   Oflice 

and    Factory 

FORT   WAYNE.  IND. 

Bfinch  Offices 

BOSTON.    MASS. 

CINCINNATI,       0. 

NEW    VORK,   N.    V. 

PITTSBLRO.    PA. 

PMILADBLPMIA,    PA. 

ORAND   HAPIOS,  MICM. 

SVRACUSe.    N.    Y. 

ST.    LOUIS.     MO. 

ST.     PAUL,    MINN. 

ATLANTA.     OA.       .1       YOKOHAMA,    JAPAN. 

.63 

k 
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Electrical 
Testing:  >i2/ 

Laboratories 

Elecirical  anil  riiotunielrical 
Standardizations 
Cas  and  General  I'hotometry 
iiesistance,  Conductivity  anil 
Insulation  Tests 
Calibration  of  Measuring  In- 
struments 

Arc.  and  Incandescent  Lamp 
Tests 

Special  Investigations 
Secondary  Standards  of  Can- 
dle-power Furnislied 

WILSON    S.    HOWELL,   MansKer 

mh  Street,  Near  East  liver,  New  Voik.  N.  V. 

TtLEPHONe    3959    79th    STREET 
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ALUS  CHALMERS  CO. 


SOLE  BUILDERS  OF 


Reynolds  Corliss  Engines 

FOR  ALL  POWER  PURPOSES 


SPECIAL   ENGINES   FOR    ELECTRIC   LIGHT 
AND   STREET   RAILWAY    PURPOSES 


OBNBItAl^   jA.     OrFIClt 

CHlCAfi0^1LU].S.A 


[Mia  afncD; 


The  General  Electric  Co.'s 


Type  "H" 
Transformers. 

All  parts  ot  the  type 
H  transtctoiers  con- 
form to  the  standards 
oi  temperature  of  the 
American  Institute  oi 
Electrical  Enginrers. 
THERE  ARE  NO 
HOT  SPOTS. 
Ample  oil  ducts  and 
the  close  proximity 
of  the  copper  to  the 
oil  insure  uniform 
hcatinfr. 

The  windings  and  the 
insulations    are    spe- 
cially proportioned  to  stand  expansion  and  contraction 
incident   to   beating    and   cooling   -without   chafing   of 
insulations  or  displacement  of  the  conductors. 

GREAT  DURABILITY   IS  THE   RESULT 

They  cin  be  iuppIkJ  Io  givt  MAXIMUM  EFFICIENCY 
AND  ECONOMY  under  any  condition  of  service. 

GENERAL  OFFICE:  SCHENECTADY,  N.  Y. 

New  York  Ofllce:  44  Broad  Street 
Sales  Oft  ces  In  all  Large  Cities 


T      K       ciJlMUSy./' t  e'm 


INDUCTION    MOTORS 


THE   S.   K.   C.  SYSTEM-INDUCTION    MOTORS 

conditions. 

TYPE.  A  MOTOR 

This  is  ibc  siinplesl  type  o(  m..ior  cxiani.     The  arniaiure  is  of 

thai  which  takes  place  in  the  bearings.  With  Ihis  lype  nl  motor  a 
starting  compensator  is  generally  used.  This  simple  device  reduces 
the  poieniial  applied  lu  the  primEiry  of  the  tnoKir.  resulting  in  a 
corresponding  decrease  in  the  slartinjf  currcni. 

TYPE  B  MOTOR 

In   this   type  the  starting  current  is  kept   low   by  inlroducir.g 


hin  the 


This 


not  possess  the  ame  simplicity  of  cunstruction  as  the  type  A.  owing 
to  the  fad  that  the  armature  has  a  polar  winding  and  a  device  (or 
onveyinft  the  armature  resistance  is  a  necessary  adjunct  in  its  con- 
struction, Iml  it  has  this  advantage — it  will  start  a  given  load  with 
a  cunent  materially  le!<s  than  that  taken  by  the  type  A.  Therefore, 
it  is  recommended  where  the  moinr  muit  start  heavily  loaded  ai<d 
where  a  large  current,  such  as  the  motor  H-ith  short-circuited  ar- 
mature takes  when  starling  at  full  luad.  would  be  ubjcctiontiblc. 

In  addition  to  the  above  we  also  manufacture  TYPE  C  MOTOR 
for  variable  speed. 

Stanley  Electric  Manufacturing  Co.,  Tr"' 


For  Prices  of  Bare 

or  Insulated  Copper  Wire 


John  A.  Roebling's 
Sons  Co. 

WORKS:  Trenton,  N.  J. 


AGENCIES  AND  BR4NCHES: 

New  York             Cleveland 

Philadelphia 

Chicago               San  Eranctsco 

Allanta 

PorUand,  Ore. 

Better  Buy  Buckeye 


Because  it  w^b  i)ic 

winner  of  one  of  the 
most  exhaustive  compar- 
ative tests  ever  conducted 
in   the   history    of    lamp 

The    V.   S-   Treasury 
Department   pui chased 

500  lamps  from  each  of 
the  leading  manufactur- 
er?! and  Buckeye  won 
and  was  awarded  the 
contract  for  all  Post 
Offices  and  Treasury 
Buildings  in  the  United 
States. 


The 


BucKeye     Electric     C/o. 

MAIN  OFFICE  AND  WORKS,  CLEVELAND.  O. 

M.  K.  tVRE.  Prcaldenl 

DISTRICT    OFFICES 


Elblight  System 

"Wherever  you  sticK  the  lamp  it  lights" 

Approved  and  listed  by  Ihe 

National  Board  of  Fire  Underwriters 

S^e  Rule  31.  New  Cod..   1903 

A 

1 

■  *^    ^^  •« 

■ 

sblv    Artlllerr    Company    of    Boilon   to  Iho  Honourkble  Ar- 
iHlery    Company    of    London,    at    Symphony    Hall.    Boslon. 
Oc.ober  5.   1903. 

ELBLIGHT  COMPANY  OF  AME-RICA 

1 14  West  32nd  Street.                         New  YopK.  H.  Y. 
Send    for    Calaloiue 

J 

^ 
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If  your  supply  order  comes  in  this  bag  it  is  well 
taken  care  of.    No  delay,  no  fussing,  no  errors 

Electric    Appliance    Company 

Eleelrical  Suppllts 

92  and  94  West  Van  Buren  Street,  Chicago 


BULLOCK  ELECTRIC 

Manufacturing  Company 

CINCINNATI,    OHIO,    U.    S.    A. 


1,500  k.  w.  50  cycle,  Bullock  Eopne  Type  Alternator 
Installed  at  Pacific  Light  and  Power  Company's  Plant 


WE  SUPPLY  COMPLETE  DIRECT  OR  ALTERNATING 
CURRENT  EQUIPMENTS  FOR  ELECTRIC  LIGHTING, 
POWER  AND  RAILWAY  PLANTS     jt     jt     jt     jt     jt 


The  Day  of  Dim 

Lamps  Is  Over 


An  i 


cell  lha[ 


before  it  gels  dim — and  yet  has  a  long  life. 

If  you  will  make  a  lesE  you  will  5nd  that  the  Bryan-Marsh 

at  very  close  to  the  hour  at  which  they 

%  of  their  initi 

Within   ! 


Imperial  lamps  burn ^   - 

have  lost  2oJ  of  their  initial  candle-power, 

lin   six   months   every   maker   in    the   country   will  be 
saying  "Me  loo."     In  a  year  one  or  two  of  them  o 


Bryan-Marsh  Co. 

136  Liberty  Street,  N.  Y. 


Bryan-Marsh  Co. 

Fisher  Buililing,  Chicago 


Boston 
Philadelphia 


I 


Large    Conduit    (single 
or    muttiple*   for   heavy 
transmission  lines  a 
specialty.     WE   meet 
YOUR   requirements. 

AN  VITRIFIED 
T     COMPANY 

nl»n«Bldfl..N(i<.rQrk.N.Y- 

AMERIC 
CONDU 

intid-irMilda 

The 

quality, 

adaptability 

and 

right 

price 

has 

made 

CAMP 

DUCT 

the 

standard. 

H.  B. 

CAMP    CO..                single  and    M 

jitlples 

170  BROADWAY,  N.  r.                Mindrsl     and 

Dowel 

HanrordBl...          OKrCAOO                   Pin     Patsntl 

oura. 

1 

^■^H 

m 

1 

INDIA  RUBBER  '"^ 
QUTTA  PERCHA 
INSULATING  CO. 

1 
1 

Authorized     Manufacturers     of 

HABIRSHAW  WIRES 
AND  CABLES 

Red  Core     White  Core     Black  Core 

For  All  Services             high  and  Low  Pressure 

Main  Office  and  Works:  Yonkers,N.Y. 

Sales  Office:  No.  15  Urtlandl  Street,  New  York  Citj 

W.    M.    HABIRSHAW,    General   Manager 

■ 
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STANLEY  RECORDING 
WATTMETERS 

n 

FOR  ILTERNITINB  CURRENT  CIRCUITS 

1 

"^ 

Magnetic  Suspension 

Accomplishes  the  Flotation  in  Air  of 
ROTATING  PARTS 

NO  FRICTION         NO  WUR         NO  LOST  REVENUE 

ALSO 

Balanced    Thrust   Wattmeters 

No  Side  Tiiriist      No  Hammer  Tkrost      Leest  Jewel  Wear 

Stanley  Instrument  Co. 

Great  Barrington,  Mass. 

Ixxxi 
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Generators  Motors 


SPRAGUE 

Electric    Gompany 


General  Offices 

527-531    WEST   34th   STREET 

City  of  New  York 


Branch 

Offices 

^™" 

Atlanta, 

- 

- 

Empire 

Buildinfi: 

Baltimore, 

Mar 

•yla 

nd  Trust 

Buildingr 

Boston, 

- 

Weld 

Building: 

Chicago, 

- 

Fisher 

Buildins: 

Cincinnati, 

tm 

Perin 

Buildinfi: 

Pittsburif, 

- 

House 

Buildinfi: 

St.  Louis, 

- 

Century 

Building: 

Fans  Conduits 
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Electrical   Supplies 

Manufacturers  and  Dealers 

DOUBLEDAY-HILL 

ELECTRIC  CO. 

Pittsburg,  Pa. 
If  we  haven't  it  in  stock  NO  ONE  HAS  IT 


Specialties 

■•  AdamB-BagnaH"  Arc  Lamps 

Oenutne  "Edtson"  Incandescent  Lamps 
"O.K."  Slow  BurninK  Wire 
"Diamond  M."  Switches 
"Emerson"  Alternating  Current  Motors  and  Fans,  Etc. 

Electric    Tqulpment    of    Hvery    Description    tor    Lighting 
Stations 


WESTON 

STANDARD    PORTABLE 
DIRECT-READING 


Voltmeters,  Ammeters,   Millivoltmeters,   Yoltsmmeters, 

Millammeters,  Ground  Detectors,  and 

Circuit  Testers,  Wattmeters.  Olimmeters, 

Portable  Galvanometers 


WhIdii  SMnilanI  PorlablB  Oirtcl-Rtadlnfl 


Our  Portable  Instrufflents  are  recogniied  as  THE  STANDARD 
the  world  over.  The  Semi-Portable  Laboratory  Standards  are 
still  better.  Our  Station  Voltmeters  and  Ammeters  are  unsur- 
pasaeJ  in  point  of  extreme  accuracy  and   lowest   consumplion 

of  energy. 

Weston  Electrical 
Instrument  Company 

Waverly  Park,  Newark.  N.  J. 
New  York  Office.  74  Cortlandt  Street 


Albert  &  J.  M.  Anderson 

MANUFACTURINQ     COMPANY 

Boston        -        JVlass. 


SWITCHES 

SWITCHBOARDS 

PANEL    BOARDS 


NEW  YORK 
PHILADELPHIA 


135  Broadway 
Qirard  Building 


You  are  spending  over  one-fifth   more  on   fuel   supply 

if  you  have  not  a 

Green's  Economizer 


in  your  plant  than  other  plants  so  provided.  We  have 
testimonial  letters  from  thousands  of  users,  many  from 
the  largest  Electric  Light  and  Power  Plants,  bearing 
out  our  statement.  Just  how  we  make  this  saving — how 
wx  keep  a  reserve  of  HOT  WATER  always  on  hand 
for  sudden  calls — how  we  save  in  boiler  repairs  is  all 
explained  in  our  free  booklet. 

The  Green  Fuel  Economizer  Co. 


Sole  Manufacturers  i«  the  U.  S.  A. 


Maiteawan,  N.  Y. 
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SERIES  ARC  LIGHTING  SYS- 

TEMS FOR  STREET 

ILLUMINATION 

Installations  in  many  cities,  among  which  are 

CINCINNATI,    OHIO                  5.700    LAMPS 
PEORIA,    ILL.                                     726 
NASHVILLE,  TENN.                     500 
CORNWALL,   ONT.                         250 
HAMMOND.    IND.                           160 
WAUKEGAN,    ILL.                             125 
CHICAGO    HEIGHTS,    ILL.         120 

BENeRkL  INCMDESGENT  IRC  LieNT  CO. 

529   WEST  34th    STREET                        NEW    YORK,    N.    Y. 

n    YEARS    IN    THE    FIELD 

17    TEARS    A    SUCCESS 

Best  paper  for  the  news-seeker 

B  *  s  1      for     r  h  e     B  rt  V  e  r  1  i  s  e  r 

XEW.  YOKK,    1113   TIMES   BLDG- 

CHItAUO,  510  MARQUETTE  BLDG. 

»:i.00ii  yoar. 

^^^L                                                ixxjcviii                                              jl 

Nernst   Lamp  Co.  Pittsburgh,  Pa. 

What  We  Claim 


HlKh  Efflcleticy 

Superior  Quality 
Dl  LiKbt 

No  Shadows 

100  Per  Cent 
Low  Cost  of 


Steadiness  oi  Light 

High  Operating 
Voltage 

No  Flickering 

Power  Factor 
Maintenance 


For  lotomuitlon  apfdy  to  Nernat  Lamp  Co.,  Pittsburgh,  Pa. 

Or  any  of  tba  toUovlai  mIci  oHIcm: 

New  Voric,       ChiCBgo,       San  Francisco,       Seattle,       Boatoa, 
Ptalladelptala,        St.  Louis,        Detroit 


The  Progress  of 

£,lectric  Lighting 

in  all  its  phases  is  accurately  reflected  in  the 
pages  of  the  EUclrual  Rnieoi — the  oldest  elec- 
trical weekly  in  Ametica.  Probably  no 
electrical  journal  in  the  world  equals  it  in  the 
number  of  paying  subscribers  in  the  lield  of 

During  the  past  two  years  the  EUelrical If evten 
has  been  strengthened  and  enlarfted  in  all  its 
departments,  and  we  believe  that  we  are 
justiHed  in  saying  that  it  is  the  most  carefully 
sludieil  of  all  the  electrical  journals. 
The  subscription  price  for  the  United  Stales. 
Canada  and  Mexico  is  $3  a  year;  for  foreign 
countries  within  the  postal  union,  $5  a  year, 

ELECTRICAL   KEVIEW 

40  Dearborn  St..    13  PARK  ROW    42  Old  Broad  St., 
ChlcMO  NE.W  YORK  London 


■ 

^■^v 

1 

Bituminized  Fiber  Conduit 

Electrolysis  Proof-  Water  Proof 

A  Soiootb  Laminated  Insulator  of  Inchanging  Dnrabilit; 

U  saves  sixty  per  cenlum  of  freight  and  handling  charges  and 
twenty  per  centum  of  construction  rost. 

Th^  highest  expert  electrical  enxineerinR  talent  is  recogniiing 
and  testifying  to  the  cerUin  edyance  and  advanlaRe  of  our  system 
of  subway  construction  over  all  previous  methods. 

This  conduit  is  made  on  electriL-al  lines. 

FOR    BOOK    A-IO    INFORMATION    APPLV    TO 

American  Conduit  Company 

170  BTDadHay                    3j6  Macy  Slnel               811  Maattattart  Building 
New  Vork.  N.V.                 Los  Angelu,  Cal.                          Chlcaito,  111. 

Read 

"ELECTRICITY" 

The  only  ONE   DOLLAR  a  year  ELEC 
TRICAL  WEEKLY  in  the  world 

SAMPLE   COPY   FREE 

£lectricity  Newspaper  Co. 

136  Liberty  Street 

NEW  YORK 

1. 

XC 
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Westinghouse 

Type  N  and   O.   D,  Transformers 


Spread  Coils 

arc    found    only  in 
Wcstinghouse 
Transformers 


Their  use  in 

Type  N  and  O.  D. 

Transformers 

secures  low  and 

uniform  temperature 


Westinghouse   Electric 

&  Mfg.  Co.,  Pittsburg,  Pa. 

Sties  Offices  In  all  Large  Cllles 


2,198  pages  of  reading  matter 
About  3,000  illustrations 
in  one  year — 1903 

This  matter  includes  all  that  Is  latest  and 
best  in  every  department  of  electrical  work, 
including 


it  pays  to  read 

ELECTRICAL  WORLD  AND  ENGINEER 

SUBSCRIPTION  RATE  fj.oo  '^       *****  *  y*»r 


McQraw  Publishing  Co.  ^w 


The  Twenty-Seventh  Convention 


National  Electric  Light  Association 


WILL  BE  HELD 


May  34,  35  and  36,  1904 

.  .  AT  .  . 

Boston,  Mass. 


